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A DEMOUNTABLE ALL METAL HOT-CATHODE 
VACUUM IONISATION GAUGE* 

Hy P. K. Dt'TT 

iNsTirt^u OK Nut.kak Ph\su'S, Calcutta Tvivkilsitv 
92, riM'KK CiKcri.vu Ro\i>, Calcutta 

\h'cccivcii tor lyublication^ Deccinbcf 7, 195,-5) 

ABSTRACT All all metal demouiitalile hot-cathode vacuum ion-gauge has been 
e'»n>tructcd whose hlaiiiciit* can l>e change 1 any iiumbci of tiini's \vi<^hout a change in the 
operational characteristics The (’luiracteristic curves of the gauge have been given. vSome 
points towards the constructional imiirovenients have been discussed which might account 
for better seii.sitiveness 

A hot-catliode deinountahlc type sturdy metal ion-gauge lias been 
developed, the filament of which can be changed within a short time any 
number of times aftei it is [loisoned or burnt out, without a change in the 
characteristics of the gauge operation. This gauge has been constructed 
out of the materials readily available in the laboratory store. Tliough 
not so sensitive like the modern glass envelope tyfies, it is suitable particularly 
for a dynamic metal vacuum system. It is well known that the greatest 
disadvantage for a hot-catliode ion-gauge is the life of the cathode. The 
cathode is likely to be poisoned, if not destroyed by gases like oxygen and 
hydro-carbon vapours, etc., (Dushmau, 1949) which arc very difficult to get 
rid of in a vacuum system ; many vacuum operations necessitate the intro- 
duction of air from time to time, each time the ion-gauge lias to be re- 
exhausted and the gases absorbed by the electrodes wliilo in i>resence of air 
have to be removed, which is usually done by increasing the electron emission 
from the cathode more than the normal rating for a little time. This also 
causes shortening of the cathode life. 

The average life of each filament used in this gauge is of the order of 
that of the tungsten filament of the commercial type ion-gauges with 
glass envelopes, e. g. R. C. A. 1950. So, economically it has one advantage 
over the commercial type, whose filament, if once loses its emissive properties 
has to be rejected permanently. 

Attempts have been made to incorporate the desirable features found 
in the previous designs (Buckley, 1916 ; Duslitnan and Found, 1921 ; Morse 
& Bowie, i940j, e. g. reliability, high insulation for the ion -col lector, long 
filament life etc. 

The gauge envelope has been represented pictorially in figure i and 
figure 2 shows the photograph to the filament and the grid-structure. 

* Conimiinkated In Pnif. IT I). Nag, 
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Fig. 7 

The construction of the gauge can be understocKl from figure 3 . 
The gauge body is made of brass. The portions A and B which 
are originally attached to each other when in operation with the Neoprene 
gasket 0 and nut bolts through the flanges -V and Y can be separated 
whenever it is required to change the filament. Alignment between them 
during each assembly, is done by an 'index’ mark and the aligning 
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busli W. Thu is connected to the* vacuum system with the flange Z. 

The striR lures of tlie plate C, grid D and the fllament have been shown 
separately in figure 4. 

The filament / is a 6 mil. tungsten wire, 2 inch in length, coiled on a 
50 mil. mandrel, the coil length being about 3/4th inch- The two ends of the 
filament are spot-welded (via nickel medium) with two short tungsten 
wires a, h of 40 mil. diameter wdiich are inserted into two small brass- 

holders c, d and held by set screw’s. The uppsr holder c is brazed to the 

40 mil. tungsten wire support .s of the filament structure and the lower 
one d IS clamped to the terminal of the Kovar-glass seal o, soldered to the 
metal flange X. For a change of the filament the unit a h f can be taken 

out as a whole by loosening the screws on c d and a new unit can be put in. 

For normal ofieration, as shown in the calibration curve (figure 5), the 
filament reciuires about 3.0 amt)S. of current at 6 5 volts. 

The grid g is a lo turn spiral of 15 mil. molybdenum wire (wound on a 
i inch, cylindrical mandrel). Hach turn of the spiral being spot- welded 
to the two supt)orting 40 mil. nickel wires. The nickel wires w’ere again 
spot-welded to the Kovar-glass seal terminals p and q on the metal flange X. 
The coil length of the grid spii'al W'as 1 h inch and the relative distance 
between each turn of the spiral was I inch. 

The ion collector /, was a hollow silver cylinder 6 mil. thick, li inch, 
in length, its inside diameter being 1 inch. It was suppoited by a Oeiman 
silver wire r (10 mil. thiek lead in through the Kovar-glav'^s seal F, as shown 
in figure 3, soldered to the gauge metal wall. 

In the present design outgassing of the electrudes was difficult, and 
required longer time than that required for the commercial types of gauges, 
e.g., RCA 1050, complete outgassing being hardly possible. The only means of 
degassing the plate and grid structures in this jiresent gauge is by electron 
boiii bard men t. Moreovei, the inner wall of the metal gauge-body was a 
constant source of gassing. vSo smother metal demountable type of gauge 
with a glass envelope round the inner wall of the gauge l)ody to minimize 
the metal surface exposed to the operation as far as possible, has been 
designed. It has a thin ion collecting electrode made of nickel, and the 
grid structure is helical ; provision has been made to hc.it the giid to 
sufficient temperatuic for better outgassing by passing current through it. 

With ‘TCxternal Control” tyt)e circuit arrangement the observed 
characteristic curves have been given in figures 5, 6, and 7. 

For comparison, the characteristics of a commercial type ion-gauge 
with glass envelope, RCA 1950 are given along with it. in figure 8, taken 
fioni the RCA Tube Manual — 9205 — 6818. 

Kelly (1950) has described an all metal ion-gauge, on which he has 
used water coils for cooling the gauge body. In this present gauge no 
such cooling device has been used, as it was thought that it would make it 
complicated and inconvenient to use. The gauge, though worked at a 
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tcMiipeiature 2 to 3°C higlior than tlu- room temperature due to the heat 
dissipated from the filament and the othei electrodes, gave consistent readings 


CALIBfAr/ON CU/?VBS foe 
Tff 6AU6E fCA. f950. 



A 

when compared and calibrated against the gauge KCA lyso* different 
occasions under different conditions for a pressure range of i x lo" mm. 
to 8 X 10"“ mm. Hg. 

It can conveniently be used for hunting leaks without any great care 
for the safety of the filament, as it can be replaced readily and easily 
without dismantling the gauge envelope. The gauge has been tested on the 
vacuum system of the 38 inch cyclotron of the Institute of Nuclear Physics 
Calcutta University It has the added advantage that it has practically no r.f . 
pick up from the cyclotron oscillator without any extra shielding 

arrangement. 
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HARDNESS OF METALS AND ALLOYS 

By (i. P CnATTHRJlU' 

liKN(;AL KnOIM KRIXT. COLLtit-F, H(>\\ RAH 

{Received for publication, December jz, 

ABSTRACT. While tensile strength and other tiicclianieal or phNsual jties of 

metals and alloys can be \\ell defined and cxpiessed in terms of the fmidainental units of 
mass, length and lime, it is ditlieiilt to define hardness aiul e\|iuss it in tetins those 
units. An attempt has lieen made in this paper to define hardness II as the wijrk done 
per unit volume of indentation in a static liall indentation test. t)n this basis and r»n the 
basis of iSIeyer’s Law, L ^ad\ \vhe*'e / is the load, d is the diameter of indmitation and 
a and n arc constants, it has bcc'ii found that 

IJ- 

[2 — cos t>(sin'^ 0+2)1 

where p and z8 are constants iind 6 i.s the angle of indentation, hot a gi^cn \ahie of 0 it 
has been sliown that II may be expressed bv the simple equation 

Il^aln 

wheie the factor fn is a known tunctioii of n Ihiis the di tei niinatioii of /f inetely 
involves the determination of the values of a and n. llu* vahus of II cxpiessed as 
Kgm*“ inm/inin^ compares well with those of the Ihinell haidness nninhei II n foi ditleient 
metals and alloys under different treatments Ooiisideiing the eomiihdely ditfcrcnt 
approach to the concept of haidness f/ and the difierenl method culopted in imasui iiig i/, 

the agreement between fl and tin values appears to be (jiiite satisbulory. Jhe 
advantage.s and limitations of the method have also been indicated. 

I. I N TR () duct I ON 

Pure metals are comparatively soft. But wlien alloyed or given difTcrent 
treatnieiils — thermal or mechanical — they become harder. Ilardness, like 
tensile strength, is a structure-.sensilivc property- But while tensile 
strength and other mechanical or physical properties can be well defined and 
expressed in terms of the fundamental units of mass, length and time, it is 
rather difficult to define Iiardncs.s or to expicss it in tenns of these units. 
As early as 1925, Tuckerniann (1925) remarked in this connectiUii tliat 
**hardness in common parlance represents a hazily conceived conglomeration 
or aggregate of properties’ ' like * resistance to abrasion, scratching 01 cut- 
ting, resistance to plastic deformation, Iiigh modulus of elasticity, high yield 
point, high strength * and so on* Various inelhods, both static and 
dynamic, have been proposed to measure hardness. But in all the pioposed 
methods the distribution of stress actually applied is not of a simple nature 
(Nadai, 1937;. I'or example, in the static indentation test, as ,in the Brincll 
or Vicker s hardness test, the hardness N is defined as N = L/N, where L is 
2—1852P— I 
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In equatioub ( 8 a) and ( 86 ), the indentation angle 0 and the so-called 
‘'harden ability index'" n are both variable. And n in general is not an 
integer. 

Suppose i j sin”‘'^^^d^= F(h) ... (9) 

0 

where J^'in) is some function of n for a given value of 

If F((^) and (t{ 0 ) be two independent functions of then 
e 0 

f F( 0 )G{ 0 )del j F(d)de^j{e) ... (lo) 

‘0 *0 

where /(^) is another function of ^ defined by equation (10). 

Substituting sin^^‘^ for F{ 0 ) and log^ sin^ for G(^), one gets 

^ J sin ^^ ’<9 log,. siuO d 0 = f{ 6 )i^ j sin”’^^6^d^ ... ^ii) 

0 0 

From equation (9) it is obvious that 

0 

= j f sin"*^^^ logtf sin^ ... (12' 

dn J 


Combining equations (q), (ii) and (12) one gets 



^fuhvu,) 

( 1 3 « ) 


dn 


Let 


• (isb) 

Theu, 

I dFht) __n 

... (13c) 


F in) d n 

and. 

Ff;/) = 

... (14) 


It may be noted from equation (^136) that (i is a function of 0 but is in- 
dependent of H. Hence, for a given value of may be taken as constant 
independent of the nature of the matt rial. 

From equation (141 it is obvious tliat 

log,. F(w) — /iw +log,.':t ... (15) 

log,.F(«) is thus a linear function of «. How far this is true will be evident 
from figure 2, where log^ F(n) has been plotted as function of n for different 
values of It is easy to find out the values of « and /3 from the intercepts 
and slopes of these lines. For example, for ^ = 30"", it has been found that 

a = 0.0525 

^ = 0.9076 

Combining equations (86), igj and (14), one gets 

IF = ^2®FW” ... (16) 
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P‘rom equations (3;, iya) and (76) the volume T of the indentation may 
he expressed as 




[2 - cos^ (siir6^ -^ 2)] 


(17) 


Comlining equations (16) and (i7)> hardncbs H, defined as work done 
per unit volume of indentation, may be expressed as 


11 


ir 


A 






r ;:[2— COS^ 2)] 


(i8a) 


[2 -cos6> (sin*’^^ 2] 


(18M 


where p stands for (.'424cx/7r). 

It has been indicated hefoie that for ^=3,0"',, *^ — 0.0525 and 0= ~ 0.9070. 
Substituting these values in equation (i8a) one gets 

i/ = ... (iq) 

If the diameter L) of the ball be lo mm, one gets Iroin etjuations (6b) 
and (ig) 


H=a(io X 7.7(j(:~<>-‘'<>‘^'»jmm”“* ... (200.1 

= o/«mni”^‘‘^ ... (20b) 

uheie X ... (21) 

fn as function of n is plotted in figure 3. 


.j. H K H A R D N V, S .S M K A S U R H M K N T S 

Since /„ is a known function of 0, expressed by equation (21) it will lie 
evident from eciuation (20b) tliat the deteiinination of the values of II 



Fig. 2 

Log F„ as function of n for different values of 9 
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involves inciely the determination of the values of a and n. Ffom equation 
i6a) it may be shown that 

n = Iog / log-^ (22) 

/-»2 / fla 

Thus the measurement of the indentation diameteis d, and da 
corresponding to loads L, and L2 gives the value of n from equation (22}. 
Once the value of n is known, the value of a may be obtained from 
equation (6a) and that of fn from equation (21) or more easily from figure 3. 
The value of II may then be easily computed from equation (206). The 
values of a and n were determined for different metals and alloys taking 
note of the range of validity of Meyer *s law as discussed by Meyer (1908) 
and Tabor (1951) and briefly indicated in Section 6 of this paper. The 
time of loading was 30 seconds in all cases. The Brinell hardness Hn values 
were also determined for all the specimens with the usual precautions. 



n 

Fio. 3 

Graph showing as function of Meyer indent n 

In the measurement of indentation diameters it is essential that the 
load comes in equilibrium with the specimen. This usually occurs in about 
xo to 20 seconds. Although for diamond indentors the variation of hardness 



Hardness of Metals and Alloys 15 

beyond the time of loading of 10 seconds is very small (Lea, 19361, it may 
nol be so for other indentors. 

As a hard steel ball of Briuell hardness number looj was used iu this 
investigation, it was necessary to check the effect of increased time of 
loading on the values of H. It was found that on increasing the time of 
loading from 30 to 100 seconds, the values of H deci eased by about 6 
per cent, for softer materials (like bismuttl) and about 4 per cent, for harder 
ones (like cobalt). These corrections have been incorporated in the values 


Tabi.k I 

Values of n, a, H and Hn for some common metals 


Metal 

1 

i 

a , 

U 

Un 


1 

i 

! 


Kgrn-iiun/iniii^ 


bead 1 

2.ng 

2.60 

3-5 

3 5 

Tin j 

2.2b 

2.51 

4 3 

4 

Bismuth 

i.q 6 

6.8 

7-9 i 

7.8 

Cadniinni 

3.02 

16.0 

19. 2 

19*3 

Aluminium 

2.27 

12.6 

21.6 

21.4 

Magnesium 

2.18 

21.9 

33*5 

33-9 

Copper 

2.40 

17.0 

34-4 

36.2 

Zinc 

2 T5 

bo 

37-0 

41.7 

Anlimon\’ 

2.04 

34*7 

43 3 

44.9 

Nickel 

2 . 3 fi 

j 34-9 

69.9 

66 4 

Iron 

2.30 

! 47-6 

85.7 

28.0 

Cobalt 

2.33 

70.3 ; 

^ 34-0 

180.0 


Tablk II 

Values of w, a, H and Hn for normalised carbon steels with diSferent 

carbon contents 


i 

%c 

n 

a 

II 

Kgm-mm/mm 3 

Hn 

“n 

1 

0.12 

2.16 

[ 

89 

122.2 

120.0 

0.26 

2.18 

98 

1509 

147.2 

0.41 

2.19 

II 2 

174.7 

169.3 

0.49 

2.20 i 

126 j 

199.1 

195-8 

0.68 

1 

2.25 

140 

235-9 

229.6 

0.81 

2.27 

149 

256.0 

2490 

l.OI 

2 -ZO 

154 j 

278.3 

270.1 
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of H in Tables T and II. On increasing the lime of loading from loo to 
200 seconds, further variations in hardness values were negligibly small 
except for very soft metals like lead undergoing appreciable creep at 
ordinary temperatures fNorhury, 1923). In such a case a smaller load for 
a longer time is prefeiable to create ap[>ieciable indentation diameters and 
also to minimise the effects of creep. 

The load in this investigation varied from 300 gm. for soft metals like 
lead to 3000 kgin for comparatively harder materials like ateel (Tabor, 1951). 

5. EXP n R 1 M E N A h R R vS L T S AND D T S C U vS S I O N S 

The values of a, n, H and IJ n for some common metals aie shown in 
Table I and the values of H and Hn are plotted in figure 4. Considering the 
entirely diHerenl ap[)roach to the concept of hardness, viz,^ the work done 
per unit volum(‘ of indentation and also the diffeicnt method of measuring 
H, it is indeed surprising that values of H and Hn for many of the common 
pure metals are nearly of the same niagiiiliide. 



Fig, 4 

Graph sho^^ing the relation between H and H n values 


It is known that cold working and in some cases quenching increase 
hardness but do not very much aSect compressibility. On the other hand 
alloying increases hardness and also decreases compressibility. In the 
method of measurement of two indentation diameters di and dj under two 
different loads Z-i and L2> fhe specimen is subjected to different maximum 
conq>ressive stresses. It is necessary, therefore, to conn^are the H and Hn 
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values of metals and alloys under different treatments — thermal or mechanical 
and also as a function of increasing alloying elements. For tins purpose 
copper and aluminium were given different degiees of cold reduction and 
at each stage, both H and Hn values were measured. The re.sults are shown 
in figure 5. In figure 6, the values of H and lln are plotted from the data 
in Table 11 as function of % carbon of several normalised specimens of 
steel. In both cases the values of // ate neai ly of the samcMiiagnitude as 
those of Hu. 



Reduction 

Fig. 5 

H and H b values as function of cold reduction % for copper and aluniiniinn 
l‘he question may be asked here, **If hardness is to be lecogniscd as the 
amount of work done per unit volume of indentation, how does the energy 
lost* in the form of heat or the energy remaining latent as potential energy 
in the stressed material affect the result ?’* In this connection it may be 
said that when a metal is subjected to plastic deformation, most of the work 
done, IF, is dissipated in the form of heat Q and a small proportion of energy 
q remains latent in the deformed metal. 

Thus, \¥=^Q + q 

The magnitude of q has been determined by various authors (Rosenhein 
and Scott, 1933; Taylor and Quinney, 1934 ; Clarebrougb, Hargreaves and 
others ,1952). Taylor (1934), for example, finds that for mild steel annealed in 
vacuo, when the work done IF is 6.75 calories/gm., Q — S.qg calories/gm. 
and q=*W-Q — o.76 calories/gm. For decaibonised mild steel w'hen 
3-i8s2P— 1 
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Fig. 6 

H aiul Jf/j values as function of %C for several normalised 
specimens of carbon steels 

^''=7.92 calories/gni., (3 = 7.25 calories/gm. and ^ = 0.67 calories/ gm. 
Clarebrough and others (1952) found that for copper, when l'F’=3.84 
calories/gni., q — 0.1 calories/gm. and when ^^ = 34.3 calories/gm., ^ = 0.331 
calories/gm. Thus, the major portion of the work done W is dissipated in 
the form of heat Q and a very small proportion q of the energy remains 
latent. Nevertheless, in considering hardness I] as work done per unit 
volume of indentation, it is the mechanical work W which is taken •into 
consideration. Obviously, W\ being the sum of heat evolved Q and the latent 
energy q, takes into consideration both these factors and hence the results 
remain unaffected. 

6, I/IIMITATIONS AND ADVANTAGES 

Since the calculation of the work done W has been based on Meyer’s 
Law, the range of validity of the hardness number H depends on the range 
of validity of Meyer's Law. The following points (O’Neill, 1934 ; Tabor, 
1951) may be noted in this connection ; 
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(i) Por very small and very laige loads Meyer's law fails. 

(a) For very small loads, i.c. for very small values of indentation dia- 
meter d, the plots of log L as function of log d give rather high n 
values. Meyer (1908) has put the lower limit to d/D = 0.1. 

ib) For very large loads the indentor itself undergoes appreciable defor- 
mation. The indentor should be two and half limes harder (Tabor, 
1951) than the specimen If the indentoi has a Hrinell hardness 
number of 1000, metals of Hrinell number gieater than 400 should 
not be used. 

A method to comimte the ai>proxiinatc values of load for which 
Meyer s law is valid for diffeicnt metals and alloys has been in- 
dicated by Tabor (1951). 

i//) Meyer’s analysis fails if there is large creep. Because, the load should 
come in equilibrium, which does not occur if plastic flow continues. 
Creep usually reduces the values of n and sometimes values less than 
2 are considered to be due to creep (Norbury, 1923). 

The measurement of hardness II n by the Hrinell method has its dis- 
advantages and limitations (O’Neill, 1934). Similarly, the measurement of 
hardness II based on work done »)er unit volume of indentation has also its 
limitations being based on Meyer s law. The question may then be asked, 
‘*What advantages are obtained by adopting this method in favour of the 
Biinell method wliich is so simi>le ?” The advantages are : 

(i) This method introduces a fundamental physical concept in the defini- 
tion of hardness, the amount of woik done in kgm-mni. per 
unit volume of indentation in min’‘. The Hrinell method does not 
provide a satisfactory physical concept ITabor, 1951 1. 

(a) This method is based on a coiiMtant angle of inclenlatioii, i c. on 
indentations of similar geometrical shape — a condition which certain- 
ly offers better comparalde hardness values than when the angle is 
made variable as in the Hrinell test b) Neill, 1934; Lea, 1936# 
Tabor, 195^^ 

(Hi) The method takes into consideration the liaidness-level a and the 
liardenability index n of metals and alloys at two different loads and 
hence in principle takes into consideration two points of the hard- 
ness-load diagram, compared with only one such point taken into 
consideration in the Brinell method. 

The simplicity of a particular test like the Biinell or the Vicker’s test 
should not obscure the need for a fundamental investigation into the concept 
of hardness. An attempt has been made in the present paper to indicate 
some physical concept underlying the meaning of hardness of metals and 
alloys. 
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7. C O N C L U S I C) N S 


i^a) The hardness value H defined as the work done per unit volume 
o£ indentation in a static ball indentation test may be expressed as 

24/lye 

;r[2”-cos6> (sin^^ + a;] 

where ^ and fi are constants independent of the nature of the material, n is 
the so-called Meyer index, 0 is the angle of indentation and A is a constant 
given by where D is the ball diameter. 

(b) for ^ = 30", it has been found that y- 0 0525 and {i= -*0.9076. 
Hence, if the ball diameter D be 10 mm., H is given by the simple formula 

H=ajri 

where /« = 7.79^ 

Hence, the determination of H merely involves the determination of the 
values of n and a. 

2. The values of H compare quite well with those of the Brinell hard- 
ness number Ha for different metals and alloys under different treatments. 

3. Hardness values H have some potential usefulness because it is 
based on a constant angle of indentation, i.e. comparisons of H are made on 
geometrically similar indentations — a condition which offers better comparable 
hardness values than when the angle ts made variable as in the Brinell test, 

4. Unlike other hardness numbeis, the hardness value // defined as the 
work done per unit volume of indentation has a definite physical concept and 
also a definite unit, viz. Kgm-mm/mm\ 

A C K N ( ) W 1/ lU) M K N T S 
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THE ULTRAVIOLET ABSORPTION SPECTRA OF 
a-CHLORO- AND a-BROMONAPHTHALENE IN 
DIFFERENT STATES * 

Ky a. r. deu 

Optics Department, Indian Association fok Tin (^rLUVATioN ok Science, Calcutta 32 
{Received for pnhlicatioiu December 1^, 1953) 

ABSTRACT. The near uliraviolct absorption spectra of a-chloronaphthalene and 
a-bromonaphthalene in the vapour, Ikiuld ami solid stales have been photographed, using 
very thin iiliiis of the substances in tlic case of lH|u*d and solid states. 

In the vapour slate a-chlor inaphthaleiic yields 17 bands between 2896 A and 240s A. 
The first band on the longer wavelength side at 34540 cn ' bas been assigned as the vq 
band. The other bands corresp ind to vibrational frecpiencies 273, 50^’, 1401 and 1505 cm* ‘ 
and their progressions, the ft eciiiencv iioicm ‘ being the ninsl prominent. In the licpiid 
state the band shifts by 1135 cm" ‘ toward.^ longer wavelengths and only four broad 
bands are observed. The di-^tance belwocn the cenires of these successive bauds is 
1375 cni~*. In the solid .state at -icSoX, the band further shifts towards longer wave- 
lengths by 337 cm“\ ami the vibrational frequency 1375 cm* ' of the liquid state is changed 
to about 1424 ciir ^ 

In the case of a-br, monaphthalene in the vapour state eleven bands have been 
observed with the j'o band at 34528 cm" ' and progiessions ol tw’o vibrational fiequencies 
4c;b and 1380 cm In the li(iuid slate at. ro uii tt aipcratnie the I'o band is shifted towards 
longer w'avelengths by 1321 cm"' and only four broad bands, c<n responding to vibrational 
frequency 1343 cm"' are observed. At — iSo**!.' in the solid slate the Eg band fnrthir shifts 
towards longer wavelengths by 355 cm and the vibrational frcquenc) 1343 cm*' of the 
liquid state is changed to about 1400 cm"'. The Eg band becomes appreciably .sharper at 
— iSo*C, though other bands do not show any .sharpening. 

Both the substances in the liquid and solid .states show some very feeble bands in the 

region between 3250 A and 3050 A, v\ hen films of thickncs.s about 0.1 niiii. are used. The 
positions of these bands shift slightly toward^ longer wavelengths wit'; solidification of the 
.substances and lowering of temperature lo — rSo^C. All these result.s have b ren di.scussed. 

INTRO 1) i; C T 1 O N 

The results of investigation on the ultraviolet absorption spectra of 
organic substances in difierent states carried out in this laboratory (Deb, 
1951a, i95ih, 1953a: Suaiuy, 195^. iy53) have shown that the influence of 
intermolecular field on the electronic state of the molecules in the liquid 
and solid states is different for different molecules, and it depends on the 
structure and chemical composition of the molecules. Only substituted 
benzene compounds were studied before, as these show bands in the near 
ultraviolet region. Substituted naphthalene compounds also show such 
bands and it was thought worthwhile to extend the investigations to a few 
such compounds. The present paper deals with the results obtained in the 
case of oi*chloro and ^-bromonaphthaleuc in different states and at different 
temperatures. 

* Communicated by Prof. S. C. Sirkar 
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EXPERIMENTAL 

The liquids used were of chemically pure quality and a-chloronaph- 
thalene was supplied by B. D. H., the other liquid being obtained from 
Kisher Scientific Co., U.S.A. They were distilled under reduced pressure 
in sealed double bulbs of Pyrex glass before use. The technique used was 
the same as that described in an earlier paper (Deb, 1951a;. The thick- 
nesses used in the case of the solid and liquid phases were of the order of a 
few microns. ‘ Thicker films (o.i mm. thick) showed new feeble bands on 
the longer wavelength side of the main system in both the cases. Micro- 
photometric records of the spectrograms were taken with a Kipp and Zonen 
type self-recording microphotometer. 

The absorption spectra of the vapours were studied by introducing the 
vapours in absorption lubes, 44 cm in length at their saturation pressures at 
30®C in the case of a-chloronapbthalene and at about 50®C in the other 
case. The latter temperature was maintained in the absorption tube by 
slightly heating the tube. 

R E vS U L T S 

The microphotonietric records of the absorption srectra are reproduced 
in figures 1-4. The frequencies in cm‘^ of the bands are given in Tables 1 
and II in which the assignments are also given. 



31000 32000 32500 

Wavenumber (cm ’ ‘ ) 

Fig. i 

Microphotonietric records of the ultraviolet absorption spectra 
of o-chloronaphthalcne (First system) 

(cl) Liquid at 32*C ; (b) Solid at — i 8 o*C 

The positions of the bands have been indicated by vertical line^ 
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Tabi,e I 

Ultraviolet absoiption bands of 'x.chloronaphthiilenc 


Vapour at 30*0 I/iquicl at 3 o*C { Solid at -itSo'C 

1 


Wavenumber 

I Wavenumber 

Assign- 

Wavenumber j 

(cm'M 

Assignment | (cm"‘) 

ment 

(cm"') ' As.signmenl 

and Iiil. 

1 and Tnt. 

I i 


and Int. j 


1st system 




311 14 (v\v) 

•^0 

3H'56(s) 1 

*'0 



3i658(vw) 

>’«+544 

31572 (s) 1 

I'Q-f 516 


1 

32207(v\v) 

roH- 2 XS 44 

32 -> 03 (w) 1 

PO + 2 X516 


I 

1 

32‘’44 

>'0 + 3X54/) 

32 592 (w) j 

"0 + 3X516 


2ud system 



2nd system 


34520 (v\\) 


333 ‘^ 5 ^tn) 

*^0 

330.18(111) 

"0 

34793 ( 1 ^ 1 ' 

»'o + 373 





35928 <m) 1 






35^65(1^1) i 

Po-h 2x273 ' 





355 .V'^(vw) 

*^0+2 X 50 <S 

3476 o(vs) 


1 

34472 (vs) 

*'0+1424 

35(;2i(vv,) 

»'o 4 -i 4 f’i 

»'(i+i 375 

36025(8) 

*^ 0+^5 VS 





36190 (ms) 

vq-H 1401 + 273 




1 

364 I 2 (vs) 

Pq+i toi + ,SoS 





36s 45 (w) 

>^0+^ 505+5^*^ 





36943 (s) 

J'Q-i'I 401-f 2 X508 



35896 (s) 

»/(,+ 2Xl424 

3733 o(vvs) 

2x1401 

1 36116(8) J 

*■0+2X1375 

37838 (vs) 

»^0-f 2 X i4or + 3 (j 8 





38346 (ni) 
38733‘ras) 

*'0+2x1401 + 2X508 
*'0+3X1401 

37498 (w) 

1 

"0+3X1375 

37302 (ill) 

*'0+3X1424 

39265(111) j 

"o+SX 1401 + 50^ 





397491 VW) 






4 oii 6 (vvw) 

1/0+4 X 1401 


- 




D I S C U S vS I O N 

It is seen from figures 1-4 as well as from Tables 1 and II that the near 
ultraviolet absorption spectra of both the substances consist of two groups 
of bands, which were called by de Laszlo (1926) as Part I and Part II, the 
feeble group on the longer wavelength side being called Part I. The 
microphotoraetric records reproduced show that bands of Part I are 
extremely feeble compared to those of the othei part. 

From a consideration of the relative intensities of the bands in the two 
parts it is evident that they do not belong to the same system of bands. 
Bands of Part II, therefore, have been assumed to constitute a separate and 
the main system of bands, called in this paper as the second system, and 
assignments have been made accordingly. 




Microphotonietric records of the nltraviolet absorption spectra of a chbronaphthalene (Second system) 



Wavenumber (cm" 
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31000 3*>()0(> 33000 

WavcniiinlKT (cjir') 

Fig. 3 

^ricrophotometnc records of the jillraviole^ absorption spcclro of 
a-hroinoiiapliihnlcnc (P'irst .s>steni) 

(a) Liquid at 32 {h) Solid at i8o®C 

The bands have been marked by vertical lines. The strong band below 

33000 cm"* is the first band of the second system. 


(a) BANDS OF 1' II K S b: C O N D S Y S T n M 

It IS seen from figures 2 and 4 that in the case of the vapour state of 
both the substances, the first group of bauds marked A on the extreme 
longer wavelength side of the .‘•econd system is mucli weaker than the next 
group of bands on the shorter wavelength side. These weak bands, how- 
ever, persist with almost same relative intensities even at — rSo'^’C, though 
they merge into one another to form one broad band. These bands cannot, 
therefore, be due to tansitious from excited vibrational levels in the 
electronic ground state, because in that case they would have disappeared 
at — i8o®C. The band on the extreme longer wavelength side has been, 
therefore, assigned as the v„ band in each case. 

^-Ckloronaphthalene: The Vq band of second .system in the vapour 
st.ate of this substance is a very weak band at 34520 cin”F Sixteen more 
bands have been observed corresponding to vibrational frequencies 273, 508, 
1401 and 1505 cm"“*. The bands corresponding to the frequency 1401 
cm"*' are the most prominent ones. In the case of the liquid state 
at 3o‘'C the several bands in each of the groups marked A, B, Q, D in figure 
2 merge into one band. The band is taken at 33385 cm“^, the C. G. of 
4—1852?— X 
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Tablk 11 


Ultraviolet absorption bands of a-bronionaphtlialenc 



Vapour 

1 ' 







— 

Liquid at 30*0 

Solid at— i 8 o®C 

(de Laszlo, 

(Present author) 





1926) 







V (cni’q 

V (cm ‘ ’ 1 

Assignment 

V (mr ' ) 

Assign- 

u (enr ‘) 

Assign- 


and Tnt 


and Int, 

inent 

and Tnt. 

nient 


ist system 


ist system 


31143 



3 io 37 (vw) 

*^0 



31414 





30.58o(vw) 


31666 



31556 (vw) 

*'0 + 510 

31477 (vw) 

I'o 4-488 

32000 







38248 





32363 (vw) 

*'0+ 1374 

32405 




1 




2nd system 


2nd system 


34472 1 

34528 (ni) 1 

"0 

33207(111) 1 

*'0 ' 

32852(5) 


34967 1 

35024(111) j 


! 




35052 1 

1 






35703 ' 







35908 1 

3c;(.)o8(vs) ; 



"0 'I- 13 13 

34 253 (vs) 1 

Vo +1401 

36221 1 

3 b 4 o 5 (s) ; 

4-1380-1-406 





36298 ^ 





1 


1 


vo-f 13804-2 X 00 





37163 

37288 (^s) ' 

i'()4-2 X 1380 

35689 (vs) ■ 

"c+'^xi 3'13 

35665 (vs) ' 

V94 2x1401 

37172 1 







37710 1 

37781 (ms^ 1 

i/q 4-2 X 1380 f 4 q6 



1 


37010 







! 

38302 (v\v< 1 

1^04-2 X 13804-2X496 





38,568 j 

3^673 (s) i 

*'0+3x1380 

37 -' 32 ('^') 

»'o‘^ 3 X 1343 

3 7067 ('A) 

*'0+3 X 1401 

38823 ; 







1 

39157 (vw) j 

*^0+3 X 13804-496 





1 

4 l 0052 (vw) i 

1 

i/y4-4 X 1380 


) 

i 



the first group and the bands indicate a progression of vibrational frequency 
^375 C'’ni”^. In the investigation repotted by de Laszlo (1926), the author 
only mentioned the wavenumbers of the ban<ls and their molecular absorp- 
tion co-efficients, and he did not analyse the bands. From a study of 
several naphthalene derivatives he concluded that in hexane solution the 
absorption spectra are shifted towards the red with respect to the vapour 
spectra, and that this red shift is greater for part II bands than for part I. 
In the present case a shift of the band of the 2nd system as large as 
1135 cm"^' with Hquifaction of the vapour is observed. It is, therefore, 
evident that in this compound also, as in substituted benzenes, the influence 
of the iutermolecular field lowers the excited state electronic energy level 
when the substance is liquified from vapour phase, with the difference that 
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the lowering iu this case is much laiger than in most of the substituted 
benzenes. All the hands in the liquid stale are very broad which shows that 
the electronic energy levels are themselves broadened due to fluctuation of 
the intermolecular field, this fluctuation being caused probably by thermal 
fluctuation of density. 

At low leinperatures in the solid state the broad bands are further 
shifted towards longer wavelengths, the shift of the v„ band being 337 
The vibrational frequency iiui eases from 1375 cm""' in the liquid state to 
1424 enr' ill the solid state at — ISO'LL'. That tl/t bands are broad even at 
— iSo^C, probably shows that both the angular oscillation of the mplecules 
and the excitation of vibiational modes disturb the intermolecular field and 
broaden the electronic energy level. The fact that the Vy band is j^haiper 
than the other bands shows that the influence of both these causes are 
present. There may be some angular oseillatiojis of small amplitude even 
at "“iSo^Cand such oscillations might produce a fluctuation in the inter- 
molecular field and might thereby broaden the bands. It is interesting to 
note that an intense line at 1375 cm"' is observed in the Raman spectrum 
of this liiiuid iiSIagat, 1034). This shows that tins fi equency is the same 
for the excited and ground states. 

a‘Bro}nonat)liiluilcnc : The I'o band of the second system of this 
substance ill the vapour state is at 3^52*^ cm“' and 10 more bands corres- 
l)Oiidiiig to vibrational frequencies 406 and 3380 cm”' are present in the 
spectrum. In the liciuid state at room temperature these bands are replaced 
by 4 broad l)ands with the baud at 33207 cm"' and the centres of other 
bands rougldy corresponding to a vibrational frequency 1343 cm^'. The 
shift of the I’y band towards longer wavelength side in this case is 1321 cm"', 
which indicates a stronger influence of the intermolecular field on the 
electronic energy levels than that observed in the case of cx-chloro* 
naphthalene. Iu the case of the solid state at — iSo^'C, the bauds appear to 
have unde’‘gonc changes which are similar to those observed in the case of 
‘^-chloronaphthalcne. 'I'lie baud shifts by 355 cm""' towards longer 
wavelengths, and the vibrational frequency is changed to about 1401cm"'. 
In this case, howevei , one rcmiarkable feature is oliseived. The Vy band in 
the solid state at -ibo^C becomes appreciably shariicr than the corresponding 
baud iu the liquid slate though the other bands do not show any such sharpen- 
ing. This shows that when transitions take place between the electronic 
levels not associated with any vibrational level, the levels themselves are 
not perturbed very much, but association of any vibrational transition w'ith 
electronic transition makes the electronic levels broad. Such a phenomenon 
was observed also in the case of diphen>lmethane ^Dcb, 1953a) where the 
Vo band in the liquid state was much sharper than the other bands. This 
phenomenou also shows that in these cases, the angular oscillation of the 
molecules is not mainly responsible for the width of the bands. 
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(b) BANDS O 1' T II B B 1 R vS T S Y S T E M 

This system is produced when the thickness of the absorbiiig layer in 
the case of solid and liquid states is about o.i mni. which is many limes that 
used for obtaining the second system. In the vapour state dc Laszlo (1Q26) 
obtained these bands at a high temperature (lao^C for the bromo compound). 
The work in the vapour state has not been repeated for this system. 

^-Choloronaphthalene : In this case four bands have been observed 
both in the liquid and sloid states. In each case the first band on the longer 
wavelength side has been assigned as the band. In the case of the liquid 
state it is at 311T4 cm”^ and ill the case of the solid slate, at 31056 cm“'. 
There is thus a shift towards longer 'Aavclehgths by 58 cm"*. The other bands 
in the liquid state are at distances 541, 1O93 and 1630 chi'”* from the v^, 
band. Probably they correspond to a vibrational frequency 544 cm”* which 
in the solid state changes to 516 cm *. 

^•Bromonaphthalene : In this case only three bands of this system 
have been observed. The band due to the liquid state is at 31037 cm"* 
and that due to the solid state is at 309S9 ciir* . In the case of the vapour 
state the first band of this part lepoited by de Laszlo (1926) is at 31143 *• 

Taking this to be the I'u band, its shift is found to be towards longer wave- 
lengths both with liquifaction of the vapour and solidification of the liquid. 
It is thus seen that electronic energy levds of the excited states responsible 
for these bauds are lowered l)y inlerniolecular foiccs both with liquifaction 
of vapour and solidification ( f the liquid, as is the case with the first system. 

In the case of naplitlialcne vapour also there is a group of bands in this 
region besides the other group f)n the shorter v’avelength side vde Taszlo, 
1924). Tsujikawa and Kanda (ig5(») have recorded 9 bands in this region 
for naphthalene in the solid state, which become sharper on lowering of 
temperature. According to them these bands owe their origin to the super- 
position of nioleculav vibration of symmetry upon electronic transition. 

In a recent investigation (Deb, 1053^^) bas been shown that in the case of 
diphenyl a group of very feeble bands is observed in this region in the solid 
state in addition to the main group below 2boo A. These bauds are not 
observed in the case of tlie liquid state, but they become sharper at low 
temperatures. It was suggested that this group of bands on tlic longei 
wavelength side of the main system, owes its origin to transitions taking 
place in one ring when the other ring is in an cxicated slate. The energy 
level of one of the rings may be lowered by the influence of the adjacent 
ring in an excited state and the bands produced by transitions in the first 
ring may lie on the longer wavelength side of the main system produced by 
excitation of only one of rings. The probability of such simultaneous 
excitation of the two rings is very low, and this may explain the very low 
intensity of the observed bands of the fiist system compared to that of the 
other group. 
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vSuch an explanation is applicable in tlie case of compounds under 
present investigation also. The difference, as regards this feeble group of 
bands between diphenyl on the one hand and naphthalene and its deri- 
vatives on the other is that in the former case these bands are not observed 
in the liquid or vapour state. This may be due to the facts that in diphenyl 
one of the jihenyl groups has freedom of rotational oscillation about C — C 
bond, while in naphthalene molecule no such freedom is present and that 
such oscillations may broaden the energy level .so much in the case of the 
liquid and vapour states that they disappear in the background owing to 
their diffuseness. 
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EFFECT OF STEEPNESS OF RfSE AND FALL OF THE 
INPUT PULSE ON THE RESPONSE OF PULSE 
AMPLIFIERS (PART I)* 

By BIMAL KRISHNA BHATTACHARYYA 

INSIITUTB OP NucIiKar PHYSICS, 92, Uppeh Circuur Road, Cabcutta-q 
(Received for publication, Dicember 7, 1953) 

ABSTRACT. I'he effect of steepness of pulse-fronts on the response characteristics of 
RC-conpled pulse amplifiers has been studied. The analytical expressions of the responses 
of the amplifier to pul.ses of the following types have been derived : (0 Ramp function 

input pulse. (H) A pulse with linear rise and fall and (iU) a saw-tooth pulse. In the ease 
of a ramp function input pulse expressions have been deduced relating the rise and delay 
times of the reproduced pulse with the rise time of the input pulse. In the cases of 
pulses having sharp rise and fall, formulae have been derived for the maximum output 
voltage obtainable and the time corresponding to this maximum, as a function of times 
of rise and fall of the input pulse. The response characteristics for all the interesting 
cases have been plotted. 

I N T^R 0 D U C T 1 0 N 

Pulse amplifiers are used not only in various branches of electronics 
but also in almost every work of nuclear physics where it is necessary to 
amplify the signal coming out of a detector, e,g,y the ionisation chamber, 
proportional counters, etc. In various types of work, specially in experimental 
problems of nuclear ])hysics, pulse amplifiers are meant only to reproduce 
the leading edge of the incoming pulse faithfully. The leading edge of 
the pulse is generally assumed to rise in a very short time and it is desired 
that the rise time and delay time of the pulse amplifier be very small. 

Since all this information about the pulse amplifier is desirable before 
the start of the actual experiment, the response characteristics of tlie pulse 
amplifier to a step-function input pulse (figuie i) which rises from its initial to 
final value instantaneously, have been obtained theoretically and are available 
in standard text-books on pulse amplifiers (Valley and Wallnian, 1948). 
An actual pulse can never have such an abrupt rise. The pulse from an 
ionisation chamber or other types of detector in nuclear physics requires 
a finite build-up time. So the lesponse of a pulse amplifier calculated by 
assuming the input voltage to be a step function, does not always demonstrate 
physically accurate pictures. 

To get a correct idea about the output of the pulse amplifier, it is 
necessary for the purpose of theoretical computations to assume such an 

* Communicated by Prof. M. N. Saha, F.R.S. 
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input pulse that is a veiy good approximation to the actual pulse. A sharply 
rising pulse front may bu well represented by a linearly rising puls^ in 
practically all the cases. vSo the input pulse can be assumed to be one 
that rises linearly to its final value and then flattens out (figure 2). Such a 
type of pulse is called a ramp function. * It is also easy to express this wnp 
function pulse analytically as given below ; , . . . 




t 


uit) — 


U-ii) 


uit-f,) 


(i) 


where /v represents the height of the pulse and u{i) and uit-ti) gre unit 
step functions beginning at times t = (> and 1 — ti respectively. 



Fio. I A .step function input pulse. 



I'm. 2 X ramp function input pulse. 

In many cases the incoming pulses are not flattened at the top but 
begin to fall sharply after reaching the final amplitude. The fall can be 
taken to be linear in many cases (figure 3). Kven when the fall is exponen- 
«al, the initial portion of the decay is practically linear in most of the cases. 
This pulse can be represented by the expression ! 




Uj-t,) 




(fl ~ tj' 


uU — Q 


e{t)^K 


• (a) 
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When ti — ti, the pulse shown is figure 3 takes the form of a saw-tooth 
pulse (figure 4). This pulse is expressed by the following analytical 
relation : 


eU) = K ^3) 
^ 1 

The subject of study in this paper is to determine the response functions 
of typical RC-coupled pulse amplifiers (figure 5) to these types of commonly- 
occurring pulses. Attention has been concentrated mainly on the effect of 
variation of steepness in the case of ramp fuqction input pulse on the shape 
of the output voltage and the rise time and delay time of reproduced pulse. 
When the pulse does not flatten out at the top (figures 3 and 4), main 
consideration is given to the determination of the fnaximum output voitage 
obtainable, the time at which this maximum occurs and the faithfulness with 
which the input pulse is reproduced. 



Fig. 3. A puhe with linear rise and fall. 
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Fig. 5. An RC*coupled pulse amplifier. 


RESPONSK To A RAMP FUNCTION INPUT PULSE 

We shall assume that only the high frequency equivalent circuit requires 
consideration in determining the reproduced output of the leading edge. 

In the following analysis wc shall always denote the Laplace transform 
of the voltage e(t} by eip). 

The high frequency equivalent circuit of the /?C-coupled pulse amplifier 
is shown in figure 6, where R is the load resistance, C is the combination of 
stray and wiring capacitances and g,» denotes the mutual transconductance 
of the vacuum tube. 





Fig. 6. High frequency equivalent circuit of the amplifier. 
If eo(p) is the output voltage of the amplifier, we have 




(4' 
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From equatiou (i) we obtain the Laplace transform of the input voltage 


-p‘. 


et(p) = K 7 \ 


- (5) 

If the resulting equation obtained by putting (5) into (4) be normalized 


with the substitution i=llRC and c„(l)= ^" 14 : , we hate 

jfv 


^ (h\- ^ 

® ir ' Iv+p). 


( 6 ) 


where 


fr^tJRC 

The inverse Laplace traiisforni of (6) gives 


f~i), o <t ^tr 

tr 


and 


(7) 


t r 

Thus the response of a single stage RC amplifier is obtained for the case of a 
ramp function input pulse. 

Now, the problem is to find out the voltage response of a chain of 
amplifiers, as shown in figure 7, to a ramp function. It will be assumed 



Fig. 7. A chain of identical KC-couplcd a in pi i tier. s. 
that all the stages are identical. 

It is easy to show that the transform of the voltage developed across 
the nth tube is given by 

where is the voltage developed across the load resistance of the nth 
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tube. Normalizing by the substitution t^tiRC and en(t)^e,M)l t 
we have 

1 1 

^ pHi+pr pHi+pr 


... ( 9 ) 


By evaluating the transform of (9), vve obtain 

- 1 > 


t f. 


and 




a-n)+-^- 6-'^ V"' CAr+i)l 


... ilO) 


r I («-i> 




1 (« — I ) 


Cr. 


(f-Zr)"-’'"’. fr+ 1 )! [l, t>Zr ••• (ll) 


With the help of (10) and (ii) we can find the output voltage after any 
number of stages. Figures 8-11 show the responses of RC-coupled amplifiers 
to a rami) function input with different rise tunes, e.g., (t) 0.5, fit) i.o, 
(lit) 1,5 and {iv] 5.0. 



Fig. 8. Response of a KC-coupled pulse amplifier lo a ramp 
function with rise time tr =0.5 

That the response to a ramp function with a very sharp rise, e.g.^ o.i 
in terms of RC, is practically identical with that to a step function, is obvious 
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i/RC ► 

g. Response of an KT-eoupled pulse amplifier to a ramp 
funclioti with a’risetime 



i/RC ► 


rig. ID. Response of an KC*coupled pulse amplifier to a ramp 
function with a rise time tr = 1.5* 
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Fig. II. Response of an RC-coupled pulse amplifier to a ramp 
function with rise time 

when we study figuies 12 and 13. The response functions of l?C-coupled 
pulse amplifiers to a step function input is well known and can be found in 
standard text-books on pulse technique. 


Fig. la. Re.'iponse of an RC-cunpled pulse amplifier to a step function input. 
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f/j?C ^ 

T 3 . Response *>( an RC-couplcd pulse aniplifiei to a ramp 
function with a i ise time f, ~o.i. 


RISK AND DKLAY 


TIMRS O 1' THK ODTPUT P H R S K 


If we follow the conventional definitions of rise and delay times of the 
pulse amplifier in this case also, we have : 

Rise time = 1 - f i = T r 

Delay time = td 

where tr and td correspond to the times at which the normalized response 
assumes the values 0.9, o.i and 0.5 respectively I'he input pulse has finite 
rise and delay times of its own which are given by the expressions : 

10 to 90 per cent, rise times of the input pulse = o.S<r and 
delay tiine=o,5 tr. 

So the actual contribution of the pulse amplifier to the increase of rise 
time and delay time of the output response is determined by the expressions 
{Tr-o.S tj and (<rf-o.5 /r) respectively. 

We shall now derive expressions relating all the three parameters, f,„ </ 
and td with the rise time t, of the input pulse for a single stage RC 
amplifier. 

If tu trt we have 


<* = log . 


io(e*r — 1) 

It 


(12) 


When tr tends to zero in the limit (step function input), 

t„s=log.io=2.302585 
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When iu ^ ir, iu is related to tr by the expression 

^ = + •• (13) 

9 

If iu — iry we obtain the relation 

e-/., = 1 — 0.1 .. (14) 

Similarly, fi is expressed in terms of by the following equations 

/r = IO^C~^ -1), ^ fr .. (15) 

ti=\ng. 2 S^dizA.^ (16) 

In the case of step-function response '/r=o), we have from (16), 

[//] =0.105360 

Lt / r 

When h = iry 

fi-f, = 1-0.9 U ••• (17^ 

Solving (17) numerically, we obtain the corresponding value of <1 to be 
0.214559. In figure 14 we have plotted Ij and Tr against rise time tr of 
the input pulse. In the same figure wc have drawn the curve (Tr ”*0. 8 ir) 
versus ir to show clearly the contribution of the pulse amplifier to the 
increase of rise time of the reproduced pulse. It is found that the increase 
of rise time is significant at small values of f . . When tr ^ 9.0, (Tr - 0.8 tr) 
is less than 0.2. This shows that with the decrease of steepness of pulse- 
fronts the faithfulness of amplification improves to a large extent. 



Fig, 14. A plot of rise time of the output pulse e.s a function of tr 
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The delay time ia is related to the rise time tr of the input pulse by the 
expressions : 

= + Ui^tr (l8) 

and frf = log« --- — ^ td ^tr 

* r 


When tr tends to zero, we can find out ta with the help of (19). 

Thus, 

[id] =log.2 = 0.693147 ^ ^ 

Lttr-^O ... t20) 

which is the expression of the delay time io the case of step function input. 
When td — trf both (18) and (19) lead to the equation 

= O-Sirf ••• ^2i) 

Solving (21) numerically we obtain this particular value of td to be 

t.i- 1 593624 = fr 

A plot of delay time ij versus tr is given in figure 15. In the same 
figure the curve of —0-5 tr) against Ir is also drawn. The delay of re- 
production caused by the pulse amplifier is practically constant and nearly 
equal to one in terms of RC when f/* ^ 5* At smallei values of fr the delay 
curve slightly drops to assume the limiting value 0.6931 in the case of step- 
function response (tr^o). So we can conclude that while the steepness of 
pulse fronts decreases the delay introduced by the amplifier does not increase 
appreciably. It increases from its value 0.6931 at f,. = 0 (step-function input) 
to 0.910203 at f. = 3 and increases slowly to approach unity asymptotically 
as tr increases beyond this value. 



i.S. A plot of delay time of the output pulse as a function of t\r. 

6^x852?— ‘1 
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It v.'ill be assumed that for the purpose of findins out the response It is 
sufficient to consider only the high frequency equivalent circuit of the 

amplifier (figured). 

The output voltage e^{p) is given by the express'on 


Co(/’) = 


gmR 

1 + pCR 


I _ Ja e-pti X e -P h 

P^'t, 


(ea) 


If we normalize (22) by substituting t = l/RC and e,M) = c„U) 'gmR, we have 


eoip) 


i 

(!+/>) 





where i ^ = hiR(- **nc 1 1 — ts/RC. 

Taking the inverse Laplace transform of (23), we obtain 



(23) 


<’n(0 = 


Ir 




(24) 


<!„(«) 


and 


"I 



» tr i 


f 


(25) 

(26) 


The nature of the response is illustrated in fiRurcs 16-20, where the 
effect of variation of ir and if is vShovvii clearly. 



i/KC ^ 


Fig. i6. Response of an RC-coupled pulse amplifier to a pulse 
with linear rise and fall (rise ttme = KCj^ 
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Fig, 17. of an KC-conpkd pnlse amplifier to a puke 

with linear rise and fall (rise tiine = 2KO. 



Fig. 18. Response of an RC-coupled pulse amplifier to a pulse 
with linear rise and fall (rise tiiiie=:-3KC). 

It IS interesting to note that the maximum amplitude gradually increases 
as the steepness of fall is reduced for a constant time of rise. The maximum 
amplitude of the output voltage occurs at a time which lies in the interval 
ir'^Ss So tm Can be determined by solving the equation obtained by 
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I ?>< 22. Rcspoiihc of an KC-coupled pulse amplifier to a saw-tooth 
juilse with variable rise time. The maximum amplitude versus 
fr curve is shown in dotted lines. 


It is evident from the plot that the maximum output .occurs at f = 
The maximum amplitude curve as a function of fr is given by the equation 


eu(ir) ’ 


_€-fr -f ({^ - l) 
t r 


<32) 


The maximum amplitude curve is shown in dotted line in figure 22. 


CONCI. USION 

The object of this paper is to show the changes of response characteristics 
with the variation of steepness of pulse fronts. It has been shown that a 
resistance-coupled pulse amplifier does not increase the lise time of the 
reproduced pulse appreciably if the input pulse has a rise time much greater 
than RC (c g., — 11 has a major contribution only if the steepness 

of the input pulse front is very gieat (e.g., fi = o.2 or 0.5 RC). The additional 
delay introduced by the amplifier to reproduce the input pulse has a value 
practically equal to RC when 5RC, It has a minimum value in the case 
of a step function input pulse. Figure 15 will furnish a ready information 
about the exact delay time corresponding to a specified tr. 

In the case of pulses with linear rise and fall, it has been noted that the 
maximum amplitude of the output pulse and the lime which corresponds 
to this maximuni, are directly related to times of both rise and fall. 

Though the nature of the responses in every case may be drawn from 
physical principles, a mathematical treatment of the response characteristics 
of pulse amplifiers to various types of input is necessary for accurate assuitip- 
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lions regarding the design and performance of ainphfiers. hi this paper 
we have only discussed about the responses of a simple resistance-coupled 
amplifier. In a future communication we shall make an attempt to give a 
detailed analysis regarding the effects of negative feed-back and shunt- 
compensation on the response characteristics. 
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INTENSITY FORMULAE FOR BANDS INVOLVING 
HIGH MULTIPLICITY TERMS. PART III. 
and -n-'il TRANSITIONS 

By D. PRHMASWARUP 
Dkpartmknt or Physics, Andhra University, WalTair 

{Received for publication ^ November 6, 1953 ) 

ABSTRACT. In coutinuatkm of the aulhor’.s previous work on bands involving high 
multiplicity terms, intensity formulae have been derived for bands due to the transitions 
and ®n-®n. 

This paper presents the results of the calculations on the intensity 
distribution in the different rotational branches of bands belonging to *11 
and *n~®n transitions. The relevant methods adot>ted and the necessary 
formulae were given in the earlier communications (Parts I and II of this 
scries) by the author. The calculated intensity factors are given in Tables I 
and II respectively. As in the previous papers, here loo the intensity 
factors are given only for the two limiting cases of coupling, (a) and ih) of 
the upper and lower states. P'uither, these factors are shown only for a 
limited number of branches, namely, all those for which A/v= A7 = o, ± 1 , 
i.e.r the main branches, wliile among blanches for which AK has other 
values, only one representative branch is included for each AK value, the 
others being omitted for the sake of brevity. 

From a study of the tables, conclusions that can be drawn are similar 
to those applying for quintet and lower multiplicity transitions. Thus in 
*n-*2 transition if the two states belong to the same coupling case the main 
branches (with AK— AJ — o, ± 1 ) will be the most intense with the Q-branches 
twice as intense as the P- ot R- branches, and satellite branches with AK = o, 
± I, less intense and rapidly falling in intensity with increasing J ; while if the 
two states belong to different coupling cases all the branches (108 in number) 
will be equally intense. Another interesting conclusion is that in the 
main branches the intensities of the six components (either the P-, Q- or P- 
branches) are in the ratio 1 : 9:4 * 4 ' 9:1 when both states belong to 
different coupling cases while they are of equal intensities if both states belong 
to the same coupling case. In practical cases, however, where the 11 state 
belongs to an intermediate state of coupling between (a) and (b), the main 
branches will be the most intense (with the Q- branch mote intense than 
either P- or P-) and che satellite branches (which are very much less intense 
than the main branches) decrease in intensity with increasing value of | AK | 
and cannot be observed beyond a value of about 3 for ! AK |. 
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Intensity formulae for Bands^ etc. 

Tabi.ic I 

Intensity factors for bands 


Branches 


Intensity factors 


®n 6 n 


fin (a) 


fin(h) 


Pi (7) 

Pi (7-1) 

17(7) 

t?i(/) 

«i(7) 

Pi(/+i) 

Pi (7) 

! P2(7-i) 

0 ‘iin 

t>2(/) 


P'iil+i) 

P'.(/) 

/Vi(/-l) 

t.'>3(/) 

0i(7) 

/'7(7) 

/'.■)(7+i) 

Pi(/) 

P4(7-i) 

17(/) 

Qiil) 

«i(7) 

Pi(7+i) 

P6(/) 

P6(7-i) 

&(/) 

OiU) 

Pst/) 

Ps(7+i) 

Pet/) 

P6(7-I) 

QtU) 

QsU) 

Pet/) 

P6(/+I) 


‘‘Pitu) !"'««(/- 1 ) 


(2/+5)*(27+3)’* 

iispu-i) 

( 2/+ 5)^2; +3) (2 / + 1) - 3) 

imj+ifPU-i) 

_i3j+_s) { 27 + 3 ) ( 27 - 1 H 27 - 3 ) 

i28c/+i)/(/-r) ■■ 

0(27 •♦•3)^(2/ +£) (27-3) 

"■ i38(;+i)> “ 

9(27 + 3)^(27 + i) (2] — l) (2 ] — 3) 
llHU + lPP 

9(27+3) (27+1) (27-1) (2/-3) 

138(7+1)2/ 

(2^+3)l2/+l) (27-1)2 

32(7+11/(7-1) ‘ 

(27+3) (27+1)5(27-1) 
32(7+1)27(7-1) 

(2/+3)5(2/+1)(27-1) 
32(7+1)2(7-1) ■ 

(27+3) (2 /-i) 2(27-3) 

32(7 + 2)72 

(27+31^(27+1) (2/- l)2 
32(7 + 2)'(7 +i )72 

i 27 +s) ( 27 + 3 ) 5(27 - 1 ) 

32(7+2) f/ + l)7 

9(27 f 5) (27- t) (2/-3)(27 -s) 

128(7+1)72 

9(2 7+5 )5(2/+!) (27-i)(27-3) 
128(7 +-1)2/2 

9(27+7)(2/ + S)2(2/— l) 
128(7+1)2/ 

(27-1) ( 27-3 ) {2I -^{2] -jY 
i28(7+2r(7+-i)7 

'27+7)(27+ i ) (27- i )(27 — 31(27^5) 
128(7+2) (7+1)27 

(27+9 ) (27+7) (27-t) (27-3) 
128(7+2) (7 -f 1)2 

(2/+5)(27 + 3)(27— i )(27 — 3) 

128(7+2) (/+l')7 


l27+l)(2/-7) 

(7-2) " 

•1(7 + 7) (?^+')(37 — 5) 

7 (27—3) 

>Z±3)i’7-i) 

(7-1) 

(7+1) (27+1) (2/-5)2 
7(7-i)(2/-3) 

+ ( 2 /_+l) (■ 2 / 2 _ 7 _,S )2 

(7 (-i) 7 (' 37 -i)( 27 - 3 ) 

.(7 + 2)(2/+3)(27+i)(2/- ,) 
(JI-I)JUJ-T} 

I27 + 3) (7-f 7) (27-3)5(7-2) 
75(27- 1) (7 -1) 

4(2/2+/ — g)* 

(7 f 1)7(27-1) 

M.t5)(/+^(27+3)i27-_iU/-i) 

( 7 + 1 ) 5(27 + 1 ) 7 ” 

(7+3)(2/ + 3)(,/_i) (/_i)fj7_3) 
(7+i)(2/+i)72 ■ 
J(375+3/-S)2 
(27+3)(7+i)7 

(/+3) (27+5)5/(27—1) 

(7 -fa) (2/+ 3) (7+1)2 

J_2(+5) (27+ 1) (27-1) (/- i) 

(27-* 3) ( 7 + 1)7 

4(27+i){2/2-).,7_^)J 

(27+5) (27+3' (7+1)7 
(2 7+7)5(27+1)/ 

'27+5)(7+2j(7+i) 

j3j+3)(3j—J) 

■(7+27'“ 

4(27+1)7(27+7) 

(27+s)(7+i) 

(27+9)j27+l) 

U+3)'~ 


7— 1852?— 1 
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TABr<R I (contd) 


Ilranclit s Intensity factors 


fin - - 

— > fin 

6n(a) 

'n(b) 


1 AV,2(/-iI 

5 (2 / + 5) (2 / +3 ) 12/4-1) (2/ - 1 ) 
i28(/-f 2 )(y--i 1)/ 

0 



5(2y-^5) (2/ 4 - 3 ^ <^/ 4 -i) (2/ “ 1) 
f-M(/+ 2 )(y 4 i)y 



''•A'r„(/- ii 

.S(3/ + 5) (27 + 3 ) 1 : 7 -1X2/ -3) 

‘ c<i(/+ 2)(7 ^l )7 

, 0 

1 



5 ( 2 y-f 5 )( 2 /-i) i?/- 3 )(?/-s) 

i 2 .s(/+ 2 ) (y 4 i)y 

0 



.Sl2/ + 5)''i|2/ + jl 1-'/- 1)127-3) 
I 2 H (7 + 2)(7 + i)V‘ 

' ,S( 2 /+X( 2 /+l) 

i ( 27 f,s)( 7 + 2 )( 7 +i) 


’’iJuU) 

5 (?/+ 3 l''( 27 +iH 27 -i)( 27 - 3 ) 

i 28 (y 4 *i)/‘^iy~i) 



PPviU+i) 

5(2y4‘3)(2y-f i)(27 •- l)(2y- 3) 

1 i2S(y + iiyiy-i) 

1 0 

i 


'/’ijiy+it 

SU’/'l 3 )( 2 / 4 -i)( 2 /-i){ 2 /- 3 ) 

64 (/ 4 -j)/(/-ij 

1 

! 



i 5 ( 2 y 4 - 5 )( 2 /-f 3 ) ( 2 /-i)( 2 /- 3 ) 

u 



5 ( 2 y 7 ) i 2 / 5 ) ( 2 / 4 - 3 ) ( 2 / -- 3 ) 

1 j 2 y(y 4 -j)/(/~]) 

0 


■) 

1 (2/ H-(;)(2y 4 7)12/4-5) (2y4-3) 

f) 

1 



Tadi.r II 

IntenvSity factors for II*' 

- *11 bauds 


I^ranch 

*n(a) ->*n(rt)j 

®n(a) -+■ C’nili) j 

®n(a) ‘’Ui/i) 

r,(7) 

(214-3) (2/-3^ 

(2/+3)1(27-3)(27-5) 

i2S7*i7-i) 

(2./4-i)(2/--3)(:1-7) 

(7-2)(2l-5) 

cyi(y) 

9(27+1) 

■(7+1)7 

9(214-3) (2l4-i)(-7~5) 

12K(,/ + i)71|7-i) 

i6(7+i)(2/+i) 

7 (2/ -3)'’ 

K,(n 

(2/4-5^ (2/- J) 

( ’/4-5) (214-3) (2l-i)(2l-5) 

(17+3' (27-1) (27-3) 

(7+1) 

128(14-1)1(1-1) 

(/-l)(2l-3) 

Psiyi 

(214-1) (^y-i) 

/' ' ' 

(67 + 1)1(27 + 1) (27~I) 

' I28(7 + i)7» 

(7+i){27+i)(a7-i) (27 -s)’ 
7(7-1) (27-3)’ 

^>2(7) 

(214-1) 

(}4-i)7 

(67+i)*(27+i) 

i28(7+i)V» 

16(27+1) (272-7-8)* 
(7+i)/(27-i)2(a7-3'2 

K2(7) 

(2y4-3)(2y4-i) 

(67+1)’ (27+ 3) (*7+i) 

(7+2) (27+3) (27+1) (27-3)2 

(7+1) 

I28(7+i)»7 

(7+i)7(a7-iy»~ ■ 

PjU) 

(j7+i){27-i) 

(27+3)(27-i)(2/-5)» 

(27+3)(7+i)(27+i)(27-3)*t7-2) 

^■‘7 ■ 

32(7+1)7(7-1) 

./’(27-i)»(7-i) 



Intensity Formulae for Bands, etc. 


Taki,k II (contd). 


liraiicb 

^n(a) 6n(fl) 

‘’n(fl) "V <^a{b) 


QiiJ) 

[zf.*- l) 

i/+i)y 

i.-y-! .1) I7/-51* 
32(/+i>2/(y“'i) 

, r'-{- f -vX* 

\ (/4ii( 7 + i)l{ 2 l- l)* 


I2f+ l) 
i/*i) 

(7/+3)'(7y-s)'^ 

32(/ f I)2(/-l) 

i 1 ■/ 1 5»(/-t-j),j/ )-3) (?/-i)n/-ii 

1 (/-f i)*(.'/-+ i)*i/ 4 i) 

PiU) 

C;/-^ i 2 f-^) 

1 

(2A-aM.|/2-4/-34)J 
t32lH 2)uf+ll/^ 

! U ^--■l(.■/ ! 1)1,' - iM W- 3) 

1/3 IH'/ 1 i!”/’ 

LUi.n 

0(2/+i) 

( / -f'r ) / 

qi i/’’- ly -ig)’ 

3-(M 2)(2/t3)(;+iip 

if>i 2/-' f 3 / ’ 8'*^ 

(2 / 3)^/ ( l) (2/ 4 1 ) / 

RiH) 

(-"M 5U.U-1) 

< ’ /. 1 ^ ^ I ' < 1 -1 /r_.Vyl“ 

3j(y + 2) (2/ 1 3 ^</ i)/ 

(6/-f 2s)^(2y--i) - s) 

1 .'S ( 2 / -f 3 • i/4' I ' ( /“ 

[ </-' 3'U'/ ' ^t-(.-/-f !)/(.•/- ll 

1 l/-t-3)l ■/ 4 ll’l/ i 1)” 

j (.’/ 4-,0 ''i 2 /-I im,!/-:)i/- ll 


(/-♦ I) 


.\s(2/ + l) 
(/+!)/ 

2510/ ^ 75i2(./+l|( ,1(.7 - -(1 

1 ■■S(../i-s)i>/ 1 3)1/1 

! ifMj/ 1 111 >/‘‘^45/ 5)'' 

i (2/4 5)?( /4 3)i(/V7r/ 


(r/ t 

'(/'t'll" 

»/ I-71 1 j/ - 1M2/ 3"! 

1 >si.'/-t-.s)i2; t-3i (/-< 

; (.’/7'7)'*’( ' / 1 a) (7 1 J '/ 

(2/4 5)4/4 2)1/ 1 II 


1 

l:/-t-7)(->/-il(.'/ 3)12/ 5l(2/-7 
i2S(2/+.s)(y + 2)t/ 1-1)/ 

I.’/ 4 -,11^4- .ill-:/ Tl 

13/3 3M/-'4-:I 

c.'e'/t 

/|0(2/+ 1 ) 

(/ f J)/ 

}.,(2/-i- 1M2/-1) (2/ --3) I2/-5) 
I/.S(2/ f 5M/ b2)(p'-l)"r 

' i 6(3/-4 iI/ 

(-'/-f.‘,l‘'^(/-4-il 

R%(f) 

(2/ 1 

(:M-qI( 2/1 -i)( 2/-3)(.>/-5'‘'' 

+ 2)(/ 4 1)-’ 

(3/ 4-i))(.'/ ^5'l-7+Il 

u/‘-t7)(/)3l 

''■/’kii/i 


(2/ 4-7) (2/431(2/- l)(2/-3) 

T2a{/ I-2U/H 0/ 

1 

n 

’■IVI) 

0 

5(2/-f 7)(2^43M2/4 iM 2 /-iI 

i’8(/42r(/4 i)y 1 

/) 


1 

0 

i 

5(2/47) (2/43)(2/4 i) (2y~ I) 
t>/i(/43) (y4 i)/ 

t» 

'■Pwdl 

n 

5(2y47)(2/43)(2y~i)(2^~3) 
64(/42)(/^ 1)/ 

f) 

"P-fiil) 


5(2./ 47) (2/- 1) (2/ -3) ( 2 J --3) 
I2':(/4 2)(/4 i)/ 

(_) 

’VirM) 

c ! 

1 

I2S(2/47U2/H l)(2y-l) (2/-3) 

■ 128(2/45) (/42)(74 :j)V 

5(2/47X2/43) (2/4 l) 

(2/-t5>X/"( 2)(/4l) 


^ 1 

i)(2/- i)(2y “ 5} 

J28(y \-j)p{j -I) 

5(2/41) (27- 1) (2/~ 5) 
nf-i){2i -3)-* 


0 

5(2/43x2/ fi)(2/-i)(2y--5) 

i28(/4i)y(/-i) 

0 

’■R3i(n 

0 

5('!/43) (2/4j)(2y~i)(2y-5) 
64(y-4j)7(/-i) 

0 

"RnU) 

1 

0 ' 

! 

5(2/ + 5) (27-43) (2 /~i)( 2/”5) 

64Ty-i 1)77-1) 

0 

»Ksi(/) 

1 

5(2/47) (2/45) (2/43) (2/-5) 


0 ; 

I2S(/4 i)X/~i) 

, 0 


! 

(2/4 0) (2/47)(2y4«5U2/43) (27 — 5) 


f> i 

i2g(/4 i»/(y~2)(2y--3) 

0 
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For transition also exactly similar considerations hold good 

except that the Q- branches arc here weaker than the P- or R- branches and 
fall very rapidly in intensity with increasing J unlike the P- or P- branches 
which increase in intensity with increasing J attaining a maximum and then 
falling off in intesity wdth increasing /. 
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IONIZATION DISTRIBUTION IN THE F-REGION 
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ABSTRACT. The height distribution of ionization in the composite I'-region is 
calculated on the assumptions that the sctle heigdit (/.c., the temperature) increases and 
the recombination coefficient decreases with height in this region. The reconciliation 
coefficient is assumed to varv in terms of the reduced height, tliat is the heiglit (above 
Fi max) measured in terms of the scale height and not in terms of the actual height as had 
been done earlier by A, P. Mitra in making similar calculations. The present assumption 
automatically takes into account the effect of rising temperature on the value of the 
recombination coefficient Height di.stribution curves for high and low latitude stations 
are drawn for typical suinmer and winter conditions in ttie high atmosphere in the P-rcgioii. 
It is found that when the pos.sible effects of ionospheric tidal drifts are taken into account, 
the forms of the distribution cur as also the sepe ration between the F| and pyinyers, 
agree with those deduced from observational data. The investigation lends support to the 
hypotljcsij that the ionosphtru regi >us P'l and bedong to a common bank of ionization 
produced by a common ionizing radiation fioin the sun. 

1. introduction 

According to current ideas, the higher regions of the ionosphere, Fj and 
Fa, owe their ionizations to a common ionizing radiation from the sun ithe 
radiation ionizing t) atom at its first ionization potential). It is supposed 
that owing to the peculiar physical characteristics of the atmosphere prevail- 
ing in these high regions and/or due to air motions resulting from tidal 
forces, two ionization maxima, instead of the usual single one due to the 
Chapman process, are produced in a single bank of ionization. Tlie physical 
characteristics that lead to this double maxima are two-fold, namely, increase 
of temperature {i.e., scale height) and rapid decrease of recombination 
coefficient with height from above the F, -maximum. 1 ‘hesc may be compared 
to the two opposite effects, viz. decreasing intensity of ionizing radiation and 
increasing density of ionizablc particles with depth of penetration of the 
solar rays which lead to the production of the Chapman maximum of ioniza- 
tion. This idea regarding the process of bifurcation of tlie F-region into F, 
and F2 was first suggested by Mohlcr (1040) and was later extended by 
Bates and Massey (1946). 

The tidal hypothesis for the production of the double maxima was put 
forward by Martyn (1947;. According to this hypothesis the Fa-maximum 
is produced above the normal Fi-raaximuni by the vertical motion of ions 
under the influence of geomagnetic field. However, though the effects of 
♦ CotniTiunicated by Prof. S. K. Mitra. 
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tides is considered to be significant in modifying the parameters of the F2- 
rcgion, it does not appear to be large enough to produce the two maxima. 

As a test of the first hypothesis one may examine quantitatively if 
the observed rates of decrease of recombination coefficient and increase of 
temj)cratiire with height do actually lead to the bifurcation process. A closer 
test would be to see if the various phenomena associated with bifurcation 
diurnal, seasonal and latitudinal variations of the Fi-Fo separation 
follow as necessary consequences of the probable height variation of these 
two parameters. The simpler first-mentioned test was carried out by A. P. 
Mitra (1952). lie made a detailed study of the doubling process of the F- 
region by taking the effects of the changing scale height and changing 
recombination coefficient into account. His formula, however, gave a steady 
increase of ionization density with height in the F^-regioii under equilibrium 
condition (z.r., for dNldt^o). He, therefore, argued that the equilibrium 
condition is seldom attained in this region and introduced a correction 
factor for the same. When this was done, a second ionization maximum 
corresponding to the F.-layer was obtained. 

In the present pajicr the hypothesis is examined anew with a somewhat 
modified assumption regarding the nature of the height variation of the 
recombination coefficient (a;, it is assumed that cx is a function of the 


reduced height :: 


h - ho \ 

H I 


rather than simply of the height li 


as assumed 


by A. P. ]\Iitra. This assunqition makes the initial late of fall of a with 
lieight much shaipcr and aulomalically takes into account the effects of 
varying temperature. Further, it is found that when llie possible effects 
of iono.sphcric tidal drifts are supei posed, the forms of the distributions, 
as also the observed variations of the separation, agree with the 

observed data. 

The assumptions made regarding the variations of teinperatnie and 
recombination coefficient with height aie based on observed data and discussed 
in the following section. 


. 1 . A S S U M P T IONS M \ I) K U H ir \ R D 1 N O T IT U P H Y S I C A L 
1* R O Plv R T 1 IC S OP' tup: UPl’KR \ T M O S P PI K R K \T 

T II K p' - R p: G I o N n p: i g h 'r 

Evidences, iwlly direct and paitly indirect e.g., works of Martyn and 
Pulley HQ36) and rocket data (Mitra, 1952, p. 549) indicate that the upper 
atmospheric temperature begins to lise from a height of about 85 km, and 
that the rise continues up to about 400 km, after wdiich the temperature falls 
gradually with height, to merge itself with the interstellar temperature. 
The exact nature of the temperature rise with height is not known hut it is 
generally assumed to be linear, e.g., the standard temperature distribution 
adopted by the National Advisory Committee for Aeronautics, H.S.A. and 
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the temperature disliibntioii in the 'model atmosphere' as assumed by 
Oersoii (igsi). Of course, all the methods of temperature determuiation in 
the h .-region are indirect and the conciusiou of l\laeda and Tukada, 
It, therefore, seems that the theory involving the temperature of the 
^a-region is unnatuial”, can hardly be refuted. But in the present state 
of our know ledge and technique wc have to be satisfied with these results. 

We may, therefore, write, fo|- the temperature T at any height h as, 

T=T, i bh 

where 7 'u is the tempralure at the reference level (h = (>) and b is the height 
gradient. 

vSince the scale heiglit is defiacd by ' // ~ /\ 7'yS;;g, one may iiiso write, 

7/ — /\ (7^0 H’ //„ + />//. (i) 

her e = K 'J\ / / ;; g 

and /3 is the scale height gradient ^ iMie variation of g uith height is 
neglected), 7 "„ and b vary with the hour of the day and the season of the 
year and we shall adopt the distributions as given by (lei son. It may be 
mentioned in this connection tliat the value of T (and hence of 77 ', as 
adopted in the model atmosphere of (lerson, was olitained not only from 
electron concentration but also from collisional freipiency and luminosity 
curves and filter photographs of northern aurorae. 'Huis one is justified in 
assuming these values for finding the electron distribution in the l^'-i'egion. 

Regarding the variation of recombination coefficient in the I'-regioii, 
ionospheric observations show that it is much less (about one order) in the Ka- 
regiou than in the h'l-rcgion. It is also satisfactory to note that according 
to the theoretical expicssions for the recombination coefficient, or rather 
the effective recombination coefficient (a) tliat have been suggested -a 
will decrease with height. For exami)le, we have two expicssions for a, 
both due to lialcs aud Massey (19.16, 1950). 

i A(x, 


where 


A = 


Bn 


and 


cx 


(x(d)n(( )) 
Ne 


Jn the above expressions, 

7?=-- coefficient of attachment of electrons to neutral atoms and 
molecules ; 

»i = number density of neutral particles ; 
iV,,=number density of electrons ; 

of loss of negative ions due to photo-detachment of electron^ ; 
eXf = coefficient of mutual neutralisation of positive and negative ions ; 
a\d) = coefficient of dissociative recombination ; 
n(0)=number density of oxygen atoms. 


It is seen that according to the first expression, ot diminishes with height 
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Ix;causc n decreases and N, increases with height in the Fj-region. The same 
is also true for the second expression because n(0) decreases and Ng increases 
with height. 

It may also be mentioned that accordin^^ to some investigators, the 
variation of (X in the Fo-region may be attributed to the height variations 
of teinpcratiire and pressure in this legion (Baral and Mitra, 1951) 

On account of these complicating factors, it is not possible, in the present 
state of our knowledge, to give any law of height variation of a that may be 
strictly acceptable on theoretical grounds. One has, therefore, to be satisfied 
with empirical relations as may be considered to represent best the obi»erved 
facts of height variation. We have adopted in our calculation the relation 

(i +az)* 

where o(„ is the value of oc in the Fi-region where it is known to be sensibly 
constant with lieight. The multiplication factor a and the power index n are 
so chosen as to yield approximately the observed variation of a with height. 
It may be mentioned that A. P. Mitra also took a similar power law of varia- 




Figs. 1(a) and (b). Variations of a with z for high and low' latitude stations as assumed 
in the calculations. The crosses indicate the observed values : 
(a) for low latitude station, Calcutta and (b) for high latitude'station, 
Slough. It will be noticed that the curve for the assumed parameter 
values, namely, a =2, 3, for curve (a) and a =3, 11=2 for curve (b) 

approximately pass through the mean positions of the observed values. 
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tion in his calculations, the exponent (w) being assumed by him to lie between 
2 and 3. In our calculations, wc have taken « — 3 and a = 2 for low latitude 
stations and w = 2 and a = 3 for high latitude stations. The calculated height 
variation of a with these values of a and w, reseml)lo approximately the 
mean observed variation of oc in the regions concerned. This is shown in 
figures I ia) and i(h). The observed values of the paramclers used in calcula- 
ting the experimental points in the graphs are shown in Tables 1(a) and 1(h). 


Calcutta (low latitude) data 


Month and year 

a 


H 

- 

January, 1953 

2XIO"*® 

300 

70 

1.4 

February, 1953 

1.7 X 10"^® 




August, 1946 

7x10“*^ j 

3S8 ' 

I no 

1 .88 

vSept ember, 1946 

9 2X10‘^ 

3 ^S 

^>7 ^ 

>'7 

November, 1952 

3X10"’® 

300 

S4 

1.2 


Tahu? i(b) 

Slough (high latitude) data 


Month and year 

a j 

1 h „, 


r: 

February, 1951 

3.5X IO'>® 

-’75 

''■3 . 

1.18 

April, 1951 

3.QX JO"l® 

290 

fX) 

1. 

May, 1951 

2 X 10**® 

3*5 

72 

i.f) 

June, 1951 

I j.sx 10“*” 

360 

84 

1. 91 

July. 1951 

I.25X 10"^® 

3b s 

1 

80 

2.10 

September, 1951 

3.9X 10"*® 

275 

62.5 

1.2 

October, 1951 

gX xo'^® 

25s 

54 

1. 01 

December, 1951 

2Xio“® 

23.S 

43 

0.8 


a for 200 km has been taken as 4x10^® (Mitia, 1952, p 291'. Cases for whicJi the 
height of maximum ionization density is less than 40 ^ km have only been considered. 
The simplified relation, as used in the calculations, does not hold good for > 400 km. 
doe to the fall of temperature above this height 

The calculations for the Slough data and some of the Calcutta data have fjeen 
done by the author using the well known method of Appleton. Other data of 
Calcutta have been taken from the calculations of Haral and Mitra (1951) 
In Appleton’s methods of calculation we have, 
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for values of li for hours, equally spaced ou the two sides of local noon. 
The sul)scrii)ts J and H give llie values for these two equally spaced hours. 

Knowing the zenith angle of the sun, the value of q for noon is calculated 
and then » for noon is obtained from the formula, 

dN 

«= 


Now if we assume that Co is the height up to which the Fj-regiou condi- 
lion prevails, (/.r. cx remains seDsii^ly conslaul) we 

a^«o ; [for c < c„J I 

' ... ( 2 ) 


and 


[l +<i(2“-ro) J 


In the analysis lo follow, only the noon-time condition (for dN/di-o) 
has been considered. This is because analytical solution is possible for this 
case only. Analysis for the ?.em ral case has not been attempted because the 
calculations would have been too laborious, involving successive approxi- 
mation. This study has l ecn reserved for a future communication. 


3. vSTRrcTURn: <>v thk CviMPosirn i *- region 


In tlic ideal case of an isotheimal alniosphere with constant recombina- 
tion coefllcieiil and monochromatic ionizing radiation, the distribution of 
ionization with height under equilibrium condition is given by the well 
known Chapman ^1931) formula, 

N = ... (3) 


wheic Ny = maximum ionization density (for = x = formed at a height Iiq. 
iV = ionization density at any height /i, measured from the reference 
level. 

X = solar zenith angle. 

This formula, however, is not applicable to regions above the E-region 
because both scale height (i.e. temiierature) and recombination coefficient 
vary with height. 

In the major portion of the F, -region, though H varies appreciably with 
height, the recombination coefficient does not do ^o. In this case if cx is 
regarded as constant, we can write the variation of N with height, after 
Nicolet (1951) as 


^±Pil~z 


f'CC ) 


(4) 


Now, the time rate of change of ionization, when the tidal effect is neglected, 
is given by 



Ionization Distribution in the F-Region 59 

where, ^ = the rate of ion production at a height h, the variation of which 
with height is (according to Nicolct) 

= ((St 

j V 

For equilibrium condition (near noon] - , =0. Hence, .V=v/i;/a. 

di 

Substituting the values of q from (6: and ^ from 12) (for 2 > in the 
above expression, 


where, 

(.)r 


V = (/(;-*„)(" . 

^ a.. 


) 


I J 


\ f I + (i{:: — Co) I " f * . <•: - 

V */•</ 


(I V ) 


^ -I I V ; 

(I 


Hence, for the ionization distribution of tlie composite F-region, 


A' 

A'n 




! i'm r < 


(") 


(Ha) 


and 


N 

X’o 


^ [i + a(rj 




(I- 

€ 




; [for c > .:'„J ... (Sh) 


Tile actual value of r.„ is a matter of guess-work. It must he positive 
/ (\ above normal P', -maximum level (//„) hut cannot he very large ; for, we 
know from experimental ohservati<ms that the P\-rcgion conditions begin 
from only a little distance above /?„. Considering these, c,, has Ixen taken 
as 0.5, which is (juite leasouahle. 

In i>lottiiig the ionizalion distribution cm ve with lieiglit f/d, it is to he 
noted that, 




For simplifying the calculations, let the reference level he at //„, ftoin uhich 
the height is to be measured i.c, let ns put //„ ™o. 


Then, 




or h - 




where Ho i 5 » the scale height at ho. 

As ho is at F, „.u^, 2 reorcsents height in terms of scale height measured 
from the maximum of Fi. Now, the F, -maximum is formed at height of 
about 200 km and from experimental observations it is .known that the value 
of a (Mitra, 1952, page 55.3) at 200 km (i.e. HJ is about 50 in summer 
and 35 in winter. With these data the height variation of ionization can be 
represented directly in terms of /i, as has been done in figures 2-5. 



Pig, 2 Variation of ionization density with height as obtained by putting Hq — s^ 

/3=o.25, fl = 2, ^* = 3 i^ hkpi. (Sa) aiul 8 (l>). The earve represents a typical 
ionization distribution at high latitudes in summer noon. 



Fig. 3. Variation of ioniration density with height as obtained by putting H|,=s3s km, 
$»o.2, a — 2, n = 3 in Kqs. (8a) and 8(1?). The curve represents a typical 
ionization distribution at high latitudes in winter noon. 
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Fi^. /| Variation r>f ioniza- 
tion density with ht‘ight as 
obtained b> putting f/(,--50 
ktn, /8 = o. 25 “2 in 

rCtjs. (Sa) and (8/)). The curve 
represents a typical ionization 
distribution at low lalitiide.s 
jii siiininer noon. 




Fig. 5. \'ariation of ioniza- 
tion density w'ith height as 
obtained by putting Ho**35 
km, 3=0.2, a = 3, n = 2 in Kqs. 
(8a) and (8b). The curve 
represents a typical ionization 
distribution at low latitudes in 
winter noon. 


a— 1852P— 2 
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4. IONIZATION DISTRIUUTION WITH H R I G H 

1. For low laiiiudcs : 

(a) Summer noon condition ^ X = o° (figure 2). We assume the value of p 
to be 0.25. For the adjustable parameters a and w, we assume values a=2, 
n — As already incRtioncd these values of a and n are chosen to suit 
approximately the observed height variation of a at low latitude stations. 
The figure shows two distinct maxima of ionization. The F2-layer has a 
very large semi-thickness and the F^ mux is situated at a height of about 400 
km from the Fi mux- The results correspond well with experimental observa- 
tion, particularly when the tidal effects are taken into account. 

(b) Winter noon condition, x (figure 3). In this case the values of 
a and n are kept the same as in figure 2. Only a lower value of p ( = 0.20) 
is taken, as the temperature gradient is lower in winter. In this case also 
two distinct maxima in ionization distribution are observed. But the 
scmi-thickness of the Fa region has become much sinalier—Fsmax being 
situated at a height of about 200 km fiom the Fi max- This lowered height of 
Fa rxv^x is due to decreased temperature in winter. It is also to be noted that 
the winter height of the Fj-maximum is situated about 10 km above the 
summer height. Thus we .see that though the height of Fo ,rmx changes by 
a large amount from summer to winter that of Fj max remains practically the 

same. The ionization density ratio is, however, much larger in winter 

A tit i 

than is shown in the figure. This large value of N„,2 hi winter is due to 
tidal effects as explained qualitatively in the next section. 

2. For middle and high latitudes : 

(a) Summer noon condition , (fig^ure 4). The value of 13 is 

assumed to be equal to 0.25 as in figure 2. The value of a and n are, 
however, taken respectively to be 3 and 2. This makes the height variation 
of recombination co-efficieiit slightly less sharp than its value in low latitudes, 
as is supposed to lie the case. Here also the Fa-region is very thick, and the 

Fa max is formed at a height of about 250 km above Fl max- IS i{.8. All 

Nml 

these results agree well with the experimental observations in middle and 
slightly higher latitudes, specially wlicu the tidal corrections are made. 

ib) Winter noon condition ; X=6o° (figure 5). As in the case of low 
latitude stations, the value of P is taken to be 0.2, a little lower than that of 
the summer noou value. The values of a and n are taken to be the same. 
It is to be noted that the normal F, -maximum (under the condition of 
constant recombination coefficient) lies above the point 2. due to the large 
\alue of X. There is only one maximum in the ionization distribution curve 
of the composite F-region formed at a height of about 140 kin above /t«. 
This is what is observed in high latitude stations in winter. From this it 
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may be concluded lliat if the solar zenith aii‘^lc is larj;ci than a certain given 
value, so that the iionnal Fi-iiiaxiiTuun occurs above the point the actual 
value of Co depending on local conditions- then thcie will be a single 
maximum in the F-region at noon i.c. there is no bifurcation. 

The ionization distribution in the very high latitude stations and in 
the auroral zones is largely governed by ionizations caused by impact of 
charged particles and hence it cannot be represented by equations. (Sa) and 
(S6). Also, on tue magnetic equator is.i*. at Iluaiieayo), tlie ionization distri- 
bution is rendered complicated by the strong current system (electro- jet) 
flowing over it. Excepting these special regions, c<tuations [Sa) and (86) give 
for other parts of the globe, the noon lime ionization distribution more or 
less correctly, subject to the tidal influences which are discussed below. 

5. U O D I V 1 C A T I O N IN T II p 1 ( ) N I Z A 'I' 1 (I N 
1) I S T R I IHT T I O N DUR TO TIDAL 
R V V V. C 'r S 

According to Martyii (ic)i7) eciuation (5) is modified as follows in presence 
of tidal effects : 


Ap. ^ (Nv) ... (9) 

at dz 

where v is the vertical ionic drift velocity, measured positively downwards. 
For conditions in the Fo-regiou, Martyn solved this equation with the 

approximation that iq-aN^) is negligible compared to (Nv). A. P. Milra 

dz 

(1951) has made an accurate analysis for the night lime condition /.c. ^ n* 
9=-o; and recently Weiss (1953) has made a generalised analysis of Ivq. Uj) 
under the condition of a constant recombination co-cfTicient. All these 
calculations show that tidal effects modify the ionization distribution in the 
F^-region, as deduced from Eqs, (Sa) and (.>6) ; and that the modifications 
are such as to make them more in accord with the observed results. 

It is to be uotvd that, on account of the high recombination co-efficient 
at lower heights, the ionization density of the undisturbed F2-regiou will 
decrease when the drift velocity is downwards and will increase when it is 
upwards. The separation between the two layers (h'j and Fa) will thus 
always increase for downward drift and generally decrease for upward drift. 
We have used ‘generally’ for the latter, because if the gradient of drift is 
steep in the upper part of the Fj-regioii, then an upward drift may cause 
an increase of separation. 

Now, calculations by Martyn show that for low latitude stations in 
summer, the drift is downwards at noon. As a result of this, the maximum 
ionization density of the F2-region is decreased, and the separation between 
Fi and F2, which is already large, increases further. At such latitudes in 
winter, there is a reversal of phase of the drift velocity somewhere between 
the Fi and F2-layers, At ihe kvel of reversal the amplitude of v must be 
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very small. As such, there is very little modification in the maximum 
ionization density at this level. The separation between the two regions, 
however, increases considerably in the winter due to the large downward 
drift of ions in the upper part of the Fg-region. 

For high latitudes in summer, the drift velocity is found to be down- 
wards in the forenoon , though, the magnitude of the drift is not very large. 
This causes some decrease in the maximum ionization density of F2 and 
increases further the already large separation between Fi and F2. Further, 
in such latitudes, in winter, there is a small upward drift at noon. This 
increases the maximum ionization density of F2 and helps the merging 
together of the two regions, decreasing their separation, if any. 

We thus see that as a result of contribution by the tidal drifts, the 
separation between Fi and Fa at low latitudes is large both in summer and 
in winter (the summer separation being relatively large due to increased 
temperature) ; but at middle and high latitudes it is large only in summer 
(Ghosh, 1953). In winter, the separation is small at middle latitudes. This 
further diminishes with increase of latitude and ultimately vanishes in high 
latitudes where the two regions merge together. 

6 . DISCUSSION 

Simple inspection of the curves in figures 2-5 shows that when the re- 
combination co-cfficient is decreasing and the scale height is increasing with 
height, then, if the .solar zenith angle is not very large, a secondary 
maximum is produced above the normal Fi-niaximum. But, if the solar 
zenith angle is very large (as in winter at high latitude stations) only a 
single maximum is produced in the F-region. It is formed slightly above 
the height where the normal Pj -maximum would have been, and has a larger 
ionization density. 

The above results at once explain the diurnal variation of Fi-Fj-separa- 
tion when and where such separation exists. In the morning, as the solar 
zenith angle is very large, the Fi ,nax is formed above z© and hence there is 
no bifurcation, only one maximum being formed. As the sun moves up in 
the sky, F,,uax comes down (below z^) and two distinct maxima are formed. 
As the solar zenith angle decreases further with the approach of noon, the 
height of Fi max goes down further and due to the increase in the 
temperature above, F3 m«x moves up (at a much fastei rate). Thus, with 
advance of the day, F1-F2 separation increases, being maximum at about noon. 
The reverse process takes place in the afternoon hours w^hen the solar zenith 
angle increases. Near sunset, Fi max moves up above z© ai^d the two layers 
merge together. 

The slight irregularities observed in the diurnal variation of Fj max are 
also explained by Eq. (8a). From experimental observations it is known 
that in low and middle latitude stations, the diurnal variation of Fj-region 
critical frequency is approximately given by (cos instead of by 
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(cos as given by the Chapman law. This is explained by liq. (Sa), 

\ + ii 

according to which the diuinal variation should be given by ^cos » 

which, for ^ = 0.2 (as taken), is (cos 

In discussing the results of calculations it should be noted that the 
curves drawn in figures. 2~ 5 are only illustrative and not representative of 
actual conditions prevailing in any particular station. It is also to be 
mentioned that the effect of fall of temperature with height above 400 km 
has not been considered in our siiniilified calculations. The calculated 
heights of Fa max, which are above 400 km, arc to be leduced to ceitain 
extent due to the effect of this negative temperature gradient. At very low 
latitudes (near the equator) both f/i, and ft are liigh throughout the year. 
As such, the ionization distribution (neglecting the tidal corrections) should 
be almost the same throughout the year, analogous to that hi figure 2. The 
seasonal variation of ionization densities and Fi-F^ separations in these sta- 
tions, as observed, are mainly due to tidal effects as explained in the para- 
graph 4 of tlie previous section. As pointed out in that paragraph, the 
tidal effect causes the niaxiinum ionization density of the Fj-region to 
decrease in summer and the Fi-F^ separation to increase in both the summer 
and winter solstices. Also, at high latitudes in winter, //„ is much smaller 
and ho is at a lower height. Hence, the single ionization maxinnun in the F- 
region is produced at a much lower height, being just above the height 
where the normal summer-time Fj muv would have lieen. This lowering is 
further helped by a small upward tidal drift as discussed in the paiagraph 5 
of the previous section. 

During periods of high solar activity the enhanced solar ionizing radia- 
tion increases the rate of ion production (g) and raises the temperature level 
(both Ho and ft) in the F-regiou tliroiighoiil the globe (excepting at high 
latitude stations in v\ inter). Asa result, there is increa.scd ionization and 
increased separation between the F^ and Fo-layers during such periods (Ghosh, 
^953)* (^n winter at high latitudes, due to very large zenith angle of the sun 
and very small daylight hours, the upper atmospheric lenqjerature, in so far 
as it is controlled by the absorption of solar radiations, is very little affected 
by solar activity). 

It thus appears that ICqs. (Sa) and (8h; derived on the hypothesis that 
Fi and Fj belong to a common bank of ionization can explain all the 
so-called ‘anomalous' behaviours of the Fj-region when proper values of the 
parameters Ho, ftt a and n are introduced in liqs. {Sa) and (Sb) and account 
is taken of the relevant tidal effects. The equations arc applicable to the 
Fi cum Fa conditions at all points on the globe, excepting over the auroral 
regions and over the magnetic equator, for reasons already explained. 
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A REACTANCE TUBE CONTROLLED OSCILLATOR OF 
UNUSUALLY WIDE FREQUENCY SWEEP 
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ABSTRACT. A reactance iil)C oscillator producing an iinusnnlly wide fre(|iicnry sweep 
has been described. 


INTRODUCTION 

Reactance tube controlled oscillators are utilized in the automatic 
frequency control systems of superheterodyne receivers and in reactance tube 
modulators of simple types of frequency modulation transmitters. A wide 
range of frequency sweep is advantageous in both applications. Commonly, 
however, this sweep is of the order of a few tens or hundreds of kilocycles. 
The need for a wider range of sweep was actually felt in connection with the 
development of automatic frequency control systems of the receiver of an 
ionospheric sounding equipment (Banerjee and Roy, 1952). Reactance tube 
oscillators of conventional design (Reich, Young and Beck, 1949, Hund and 
others) could not provide a sweep greater than a megacycle. In the modified 
design described here, sweeps as great as 16 megacycles were obtained. 

A reactance tube oscillator may be broken up functionally into the parts 
shown in the block diagrams given below (figure i). 



TYPE / 


TYP£ H 


Fig. I Block diagram of reactance tube oscillator. 


Type I alone is suitable for producing a wide frequency sweep in high 
frequency oscillators. The difficulty in obtaining amplification mih a phase 
shift close to zero or 180 degrees limits application of type II mainly to the 
audio-frequency region. 









68 


B. M. Barter jee 


To produce a frequency change in an oscillator, the reactive elements 
of the frequency controlling resonant circuit is varied. As the frequency of 
oscillation is given by the expression, 

/ = 

asV LC 

the change in frequency is given by 

Now Xr may be written as 

X.. = EII, 

where 

/': = voltage across tlie capacity 
and /recharging current through this capacity, so that 

A/ ^,A/r 
f " Ic 

where A^' is the reactive cun cut taken 1)}^ the reactance tube, which thus 
behaves as a reactance elenient and produces the frcfiucncy change A/, and 
J c is the charging current througli the actual reactance. 

The current A/r through the reactance tube is limited to a peak value 
nearly equal to the c. anode current passed by this tube. This cannot he 

increased indefinitely. To obtain a large value of , one has to arrange 

circuit conditions such that the maximum r. f. current through the reactance 
tube is obtained for a miiiiiiiuin charging current in the actual reactance. 
This is accomplished by reducing the unavoidable capacitances in the 
resonant circuit to a minimum value, so that the charging current of the 
actual reactance has the minimum value for a given resonant circuit voltage. 
A further reduction of the charging current is possible, if the resonant circuit 
r. f. voltage is reduced, while a full modulation of the reactance tube current 
is retained, so that Air has the maximum value obtainable. In the con- 
ventional airangement, the phase shifting network introduces an amplitude 
reduction of three to ten time s (Reich), so that even if a high tiansconductance 
tube is utilized in the current amplifier position, a fairly large r. f. voltage 
must remain on the resonant circuit to secure full modulation of its current. 
In the arrangement described here (figures 2 and 3), an amplifier is interposed 
between the resonant circuit and the current amplifier, in such a manner 
that its associated coupling elements naturally secure the necessary 90° phase 
shift, while giving an amplification of the resonant circuit voltage. A great 
reduction of the resonant circuit opetatiiig voltage is thus permissible, with a 
corresponding increase in the frequency sweep. 
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0-/0 VOLTS 0-200JUA 

VOlTMETf/t 12.500 Ji. 


Fic. 2 Improved reactance tube oscillator utili^ciiig 6AC7 tubes. Suitable for 
frequencies bclyw 30 Mc/s. 


REACTANCE REACTANCE OSCILLATOR 

TUBE AMPLIFIER 



operation above 30 Mc/s. 


T H K C I R C;u I T 

The circuits developed have the forms shown in the figures a and 3. 
They consist of an oscillator, a reactance amplifier and the reactance tube. 
Radio-frequency oscillations, generated by the Hartley type oscillator circuit, 
are developed across the resonant circuit inductance L, which has as the 
tuning capacity, the input capacities of the oscillator and reactance amplifier 
and the output capacity of the reactance tube, besides the component and 
wiring capacities to ground. The oscillator anode voltage, controlled by the 
50K adjustable resistance, sets the amplitude of the r. f. oscillations to the 
optimum value. The r. f. oscillation across £. is applied through a CgRg 
coupling network to the grid of the reactance amplifier. The reactance 

3— iSsjP— a 
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amplifier is a resistance coupled wide-band amplifier. The amplified voltage 
is applied to the grid of the reactance tube through another network- 

'Ihe output current of the reactance tube is made to pass through the 
oscillator resonant circuit, and is controlled us usual by varying the grid 
bias, 'riie 90® phase shift needed between the output current of the 
reactance lube and the voltage across the resonant circuit, is obtained 
automatically, when the component values of the Cr,R,, coupling networks 
and Cffy network of the reactance amidifier are suitably proportioned. 
In that condition, the frequency of oscillations generated by the arrangement 
changes over a range of several megacycles as the grid bias of the reactance 
tube is varied while the amplitude of the oscillations remain sensibly constant. 
1 his is indicated by the oscillator grid current meter. When the component 
values are such that the t)hase shift deviates considerably from 90°, the in-phase 
or out'of-phase component of the reactance tulie current produces a powerful 
degenerative or regenerative action. As a result, as the grid bias of the reac- 
tance tube is diminished, sons to allow greater current flow through the reac- 
tance tube, the oscillator grid current decreases, leading ultimately to cessation 
of oscillations or increases leading ultimately to squegging. When the 
values of these components, the value of p particularly, are adjusted to 
optimum, the frequency sweep obtained is a maximum, squegging is removed 
and there is a small variation of the oscillator grid current with reactance 
tube grid bias. 

When the operating frequency is below 30 Mc/s, the gain available 
from the reactance amplifier is substantial. The large gain in the feedback 
loop then makes it impossible to avoid squegging even w’ith critical 
adjustments* of the value of p. 



<’»=Voltagc al input of C\,R^, network. 

r.,= Voltage at output of ('„Rg network. 

Cj,=:Coupling capacity, e.g., capacity 
between resonant circuit <0 reactance 
ainplilier grid. 

i, =Current through when the output 
terminals, i.e., Co is short-circuited 
in figure 4. 



ri = Shunting capacity to ground al the 
output terminals of the C ,Rg network, e.g , 
rejictancc amplifier input capacity. 

= Resistive component across the output 
terminals, e.g., grid leak of the reactance 
amplifier ; at high frequencies, input resis- 
tance of the reactance amplifier grid circuit 
— that due to transit time effects. 


<= It will be appreciated from the phase diagrams that arc given later, that there will be 
me movement in the output current phase when the frequency sweep is a good fraction 
the operating freciuency. 
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It is then judicious to throw off some loop ^ain by reducing the coupling 
capacity between the resonant circuit and the reactance amplifier. 

The phase diagrams are given in the figures .j, 5 and 6. In figures 4, 

5 and 6 the phase shift e between the input and output voltages of a C „R„ 
coupling network is calculated. It is positive — (he output phase leads the 
input. The system is conveniently analysed by application of Norton’s 
theorem.* is the current through C„ when the output terminals are 
short-circuited. The resultant out[)ut voltage is, therefore, equal to the 
voltage developed due to flowing through the parallel combination of 
C„, Cj and R^. 

In figure 3, Z represents the impedance of .the parallel combination of 
P and 6’.,, the reactance amplifier anode load and shunting capacity. This 
has an amplitude 

1/1 = 

Vi-tu.Y'.V 

and phase 0 given by 

tan 


ei 

Pir.. 6, Phnse diagram of a C ,Ti .j coupling nclwork. 

The resultant phase diagram of the circuit, therefore, is of the nature 
given in figure 7. ^>1 and (p.j, represent Ihe angles due to tiansit time delays in 

the reactance amplifier and reactance lubes. With 6\C7 tubes, and ffu 
are not negligible at 30 Mc/s. 

P K R F O R IM A N C li 

The performance of several typical circuit combinations are presented in 
the curves of figures S, 9, 10, and ii. They were obtained with two different 
circuit arrangements, figures 2 and 3, one utilizing 6AC7 tubes and the 
other 6AK5. Transit lime effects make it desirable to utilize the 6AK5 
circuit above 30 Mc/s. Compared to the conventional reactance tube 
circuits, oscillation is secured more readily in this new type of circuit. The 
phase-shifting R-C combination in the conventional reactance tube circuit 
introduces a large damping on the oscillator resonant circuit. This is 
avoided in the newly developed circuit. When the operating frequency 
is high 0 30 Mc/s), this factor assumes considerable importance. 

♦ Everitt-^ommunication Engineering — p. 48. 
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FiO.. 7 


I*hase diagram of the 
reactance tube current. 
Resultant phase difference 
between output current 
and resonant circuit voltage 
+ (l8o*- 

=360* — + . 

f = Phase sliift between 
the input and output vol- 
tages of a C„R„ network. 

<Pit 

transit time delays in the 
reactance amplifier and 
reactance tube. 0 = Phase 
lag between the output 
current and voltage G'e^Z 
of the reactance amplifier, 
(a-f — should be 

close to 90” : degenerative 
when greater than 90® and 
regenerative when les.sthan 
93® ; degenerative when p 
is greater than optimum 
and regenerative when o 
is less than optinnim. 



Characteristics of a wide sweep reactance tube oscillator utilizing circuit of figure 2. 
The curves marked F give tl.e variation of frequency with reactance tube grid bias voltage, 
while curves marked /, show the variation of oscillator grid current with reactance tube 
grid bias. Curves with suffix i were obtained with p = 5oo ohms: Rc J ; 

Cc = .oi mfd; C, = n pf., curves with suffix 2 with p=50o ohms : R, =50 K ; C, 

■*11 pf ; the resonant circuit had a measured stray capacity of 32 pf across it. Suffix i 
corresponds to the frequency range 20-40 Mc/s ; Sufiix 2 for 10-20 Mc/s. The minimum 
frequency reached in the first arrangement is 21.3 Mc/s. It was obtained when the oscillator 
H. T. was reduced Jto 14 volts from the normal value of 40 volts Reduction of reactance 
tube bias beyond f~2 8 volts in arrangement 2 caused sqtiegging. Frequencies were 
measured with calibrated receivers. (Hatnmarlund BC 779 : Hallicraftcr S-37). 
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Characteristics of a reactance tube oscilIatc3r 
utilizing circuit of figure 3. Curves with 
suffix 1 utilized p—iooo oinns , R , —R ,, 

K ; Cc — .oi infd : ^(, = 7.5 pf ; Osc. H. T. 

+24 volts; Reactance amplifier bias —1 5 
volts; oscillation frecjuency = 36 l\Ic/s with 
no II T. on reartance amplifier and reac- 
tance tube ; squegging completely removed. 
Curves with suffix 2 utilized ^>-3000 ohms ; 

= fv’r=A\; = 5oK; Osc. H. T. 

+ 24 volts ; R. A. bias —1.5 volts ; 11 . A. and 
R. T. anode supply reduced to 108 volts to 
avoid squegging. Minimum frequency of 
21.8 Mc/s reached when oscillator H. T. is 
reduced to zero. Maximum frequency of 
34.6 mc's is obtained when R. A. and K. T. 
II. T. is zero. 


Characteristics of reactance tube 
Obcillator utilizing circuit of figure 3. 
P = 3000 oh in s ; C ^ = C „ — 1 5 pf . A* , = 

R„—S^ 1^1 H. T. 4-24 volts; 
R. A. bias —15 volts; OvScillatioii 
frequency = 40 Mc/s with no H T. on 
R. A. and R. T. Mininuim oscilla- 
tion frequency of 23.7 Mc/s readied 
vlien oscillator 11 . T. was reduced 
to zero 


When the frequency sweep required is a good fraction of the operating 
frequency, the arrangement becomes very susceptiffie to squegging, at 
certain values of the reactance tube bias. To iniiiimize this tendency to 
generate interrupted oscillations, it is not enough to reduce the grid condenser 
and grid leak values. It is also <lesirable to have a .separate low-internal 
resistance source for the oscillator high tension. 

It is to be noted that as the grid bias is reduced, the generated frequency 
diminishes up to a certain limit, beyond which it again tends to increase. 

It must not be forgotten that wide frequency sweep is obtained at the 
cost of the amplitude of generated oscillations. In applications, where 
amplitude of the generated oscillations (R.F.) is important, a suitable 
compromise must be made in the actual design. Wide-baud amplifiers are 
to be incorporated, in case where such compromise would not satisfy 
requirements. 
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r'lG. 11, Characteristics of reactance tube oscillators utilizing circuit of figure 3. 
Curves with suffix 1 utilized a centre tapped 5 turn coil of 1/2 inch diameter (frequency 
scale 46-66 mc/s); p«i,ooo ohms ;Re*K%=5oKft. C. =^C., = i5 pf ; oscillator II. T. +36 
volts ; reactance amplifier grid bias= -1.5 volts ; maximum frequency of 64.9 Mc/s reached 
when R. A. and R. 'f. H. 'f. is zero ; no squegging. 

Curves with suffix 2. utilized a 5 turn centre tapped coil of 1/4 inch diameter; 
frequency .scale 80-100 Mc/s; f»“3io ohms; Kc = Kj,=5o K n , C, =C., - 15 pf. ; oscillator 
11. T. +30 volt's; Reactance amplifier bias =-05 volts; maximum Ircquency* 98.3 Mc/s 
reached when oscillator H. T. is reduced ; no squegging. 
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AN INSTRUMENT FOR DIRECT MEASUREMENTS OF 
CAPACITANCE AND POWER FACTOR * 

By J. C. BHATTACHARYA 

Institute of Radio Physics and Meectronics, Calcutta Univeksitv 
(Received foi publication^ January 12, 195^) 

ABSTRACT. Tlie paper gives the design details uf a new type of capacMtance meter 
by which the capacitances and power factors of small condensers (maximum value 0.02 a^I') 
can be directly measured on tv\o calibrated meters, no adjustment or calculation being 
necessary. The design is based on the principle that when a small condenser (the te*-! 
capacitor) is connected across the tuned ciicuit of an oscillator, l)oth its frequency and 
magnification factor change. The change in frequency is indicated by a frequency- 
discriminator. This gives the value of the added capacitance. 'ITie change in magni- 
lication factor gives the power factor. Hy suitable discriminator and (‘omputor circuits, 
the meter readings arc made proportional to capacitances and power factors. 

1. I N T R 0 I) U C r I 0 N 

Various methods are employed for the determination of the capacitance 
and the power factor of a condenser. For the static condition the capa- 
citance can be measured by charRing the condenser to a given voltage and 
then discharging it through a leak resistance of high value. From the rate 
of fall of the voltage and the value of the leak resistance fR), the capa- 
citance (C) can be calculated. The power factor (F) at any frequency 

{toj 27 r) is obtained from the value of — r ■ At audio frequencies the 

two quantities are usually determined by a bridge circuit. By inserting a 
parallel combination of a resistor and a capacitor in one of the arms of the 
bridge and adjusting it for balance, both the ca])acitance and the leak resis- 
tance can be calculated. In some tyiies of impedance bridge, the resistance 

dial is calibrated in decrement Z) ^ which is and, from the reading of 

this, the power factor is calculated. At radio frequencies, the capacitor 
value and the leak resistance (and hence the power factor) can also be 
measured by the so-called substitution method. In all these methods, 
however, several adjustments and/or computations are needed. And, when 
quick measurements, as in commercial tests are needed, these methods 
fail to satisfy the need. It is to be noted that the value of C can be measured 
directly by a frequency discriminator circuit. But any method by which P 
can be determined without making adjustments for balancing etc. is still 
* Communicated by Prtf. S K. Mitra 



76 


/. C. Bhattacharya 


unknown. In the present coininunication an instrument is described by 
which both capacitance and power factor of the test capacitor can be deter- 
mined directly, no adjustment or calculation being necessary. By merely 
connecting the test capacitor across two terminals of the instrument provided 
for the i)urpose, the values of the capacitance and power factor are obtained 
from the readings of two meters mounted on the panel. 


2. T H K M n T H () I) OF M K A S U R E JM K N T 

Figure i shows schematically the method of working of the instrument for 
direct measurements of capacitance and power factor of a condenser. 



Fig. 1 . Schematic diagram of the iiiKtriiment which rneasines the value and 
power factor of capacitor automatically ; XX are the points where the 
test capacitor i.s connected. The value of the capacitor is indicated 
by meter Mi and the power factor by meter 

(t) Measurement of C. 


The LCoT oscillatory circuit shown is the frequency determining 
network. When a test capacitor C (small compared to Co) is connected a cross 
the terminals (XX), the oscillation frequency changes by A/, given by 

. c (i) 

C o 


where fo~ is the original resonant frequency of the circuit. As 

LCq 


Jo 

2Co 


is a constant for the oscillator used, the test capacitor C is directly propor- 
tional to A/. A/ is measured by means of a Foster-vSeeley type discriminator 
as follows : 

The centre frequency of the distriminator is set at /o, so that when 
the capacitor is not connected the discriniinatoi has zero output. 
This output is recorded in a meter directly calibrated to give the capacitance 
value. 


fit) Measurement of power factor. 

The power factor of the test capacitor is obtained as follows : Tet the 
magnification factor of the tuned circuit LCq be Qq, When the test capacitor 
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C is connected across the tenninals, let the new magnification factor of the 
circuit be Q. The power factor of the capacitor C is tlien given by 

Q«-Q 

Q«Q 

Here and Q„ arc constants. Hence, 


p_ ^0 

C 


(2) 


CQ 


(3) 


where K 


C\ 


^ is a known constant and C is also known from discriminator 

output as indicated above. To determine Q, an r.f. volta^ee (of varying fre- 
quency) is injected across tlie resistance the frequency sweeping over the 
entire range of possible resonant frequency of the circuit- When the 
frequency of the injected voltage coincides wuth the actual resonant frequency 
(with the test capacitor connected), the instantaneous voltage devclo[)ed 
across the circuit is Q times the input voltage. The voltage which is 
proportional to Q is measured by means of a peak voltmeter and is fed 
into a subtractor circuit, the output of which gives a voltage [)roportional to 
(Qo "“(?)• Since the discriminator output is i)roportional to i\ one can 
obtain by means of a multiplier and divider, a voltage propoilional to 
Qo'^QlQC which, in its turn, is [uoportional to llie required power factor. 
The computor outi)ul is calibrated to read the penver factors diicctly. 

Gating of the various stages is necessary, because, dining nieasurcmenls 
of Q, the oscillator has to be shut ofi, and during measui cments of C, the 
peak voltmeter should be inactive. This is done by measuring, these two 
quantities alternately at the rate of 50 c/s. 


3. T H n I) U SIGN 0 I* T II Iv INS T R U M Iv N T 

The oscillator circuit AX*„r is the test circuit of the instrument (figuie i). 
L is an air-core coil of a few turns of thick w ire tuned to a frequency of 
about I Mc/s by means of a high grade mica condenser of value 2f)oo 
The diagram of the oscillator circuit is showm in figure 2. 'fhe small 



Fig. 2. The detail circuit diagram of the main oscillator. 

4 — 1852P— 2 
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resistance r, intrcxliiced in series with the coil is for injecting an r. t. voltage 
of constant amplitude in the circuit. 

The oscillator assembly is slightly different from the conventional feed- 
back tyj>e. It consists of two valves. To the grid of the first valve is 

connected one end of the tuned circuit ; the other end is earthed. The first 

valve (I'l) acts as a cathode follower with resistive load. The output of 
this valve is amiilified by the second valve ( l'\.) which has an inductive load. 
For oscillator, the final output is fed back in proper phase to the tuned 
circuit by mutual inductive coupling. If the amplifier tube is biased to 

ciil-off, the oscillation sloj)S without any fraction of the bias voltage appearing 

across the tuned ciicuit (Whitehead and Kneggaberg, ip4o)- 1 oscillator 
is switched on and off liy ai)plying suitable pulses to the second tube ( F^). 
The reiielition frcriuency of the pulse is 50 c/s and tlie pulse width is 
apfiroximately 6 milliseconds. These pulses or l)ias voltages do not appear 
in the tuned circuit, and this is necessary as pointed out later. ISJormally, 
the bias of V2 is such that the system does not oscillate. W/ hen positive 
pulses of suitable amplitude are applied, oscillation occurs, the liequency 
being controlled by the tuned circuit. 

The oscillator voltage is fed into a limiter followed l)y a hosier Seeley 
type clisc'rimiualor, the circuit diagram of wdiich is show’ll in figure 1 he 



I'ig 3. riic t’irrnil of tiu* liniiUr and flisiTiniiiiator 
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discriminator output is measured by a sensitive voltmeter winch is calibrated 
directly in terms of capacity value. The output voltage is also fed into a 
computor system to be described later. 

A separate auxiliary oscillator ^figure 4) with a power am/>Ii/Icr is used to 
inject r. f. voltage of variable frequency across the points AB in figure 2. 
The oscillator is frequency-modulated by means of a reactance tube. The 
modulating signal to the reactance tube is obtained from the 50 c/s mains. 
The oscillatoi voltage is fed into a wide band t)Ower amplifier which is 
designed so as to give constant voltage across the load (/), over the entire 
frequency range at which the test circuit may be at resonance. 

The power amiilifier is gated by 50 c/$ pulses with a duty cycle of 300 
milliseconds. The gating jiulses are obtained from the 50 c/s mains and 
the power amplifier is operated at the positive half cycles. Since the test 
circuit oscillator operates during the negative half cycles, the r. f. vintage 
across t i^ injected only when the oscillator is not working. During this 
period the effect of I ', (figure 2) on the tuned cdicnit is equivalent to that of 
a fixed small capacitance, since the cathode of \A is at a constant voltage 
(Jones and Ward, 1950). 

The voltage acro.ss the tuning condenser appeals twice in a full cycle of 
50 c/s signal. During the negative half cycle the oscillator operates and 
1. f. voltage is dcveloiied across the tuned circuit. During the positive half 
cycle the freciueucy-modulated signal is applied across the small .series 
resistance r in the tuned circuit, and when the frequency of injected voltage 
coincides with the resonant frequency of the tuned circuit, a magnified 
voltage {(J times the injected voltage) is p’oduced across it. This voltage is 
measured by a vacuum tube peak- voltmeter. The voltmetei connections are so 
arranged that it is inoperative when the main oscillator (in the test circiiifi 
ojjerales and is operative only during the [lositive half cycle wdien the r. f. 
voltage is being injected across the resistance f. The circuit diagram oi 


I'ig, 5. "14)0 eircuil diagiani of the 

gated peak voUintler w liieh nieasure^ 
the voltage across the tuned circuit 
due to injection of voltage across AU 
(tigurr u). 'rhe peak voltmeter is in- 
operative when the main o.seillatur is 
working. 


this atiaugcmeiit is showm in figure 5. 
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The voltage at the cathode of the detector tube is maintained at such a 
value tliat during the positive half cycle, the lube is biased to exact cut-off. 
During this time any small voltage applied to the grid makes the tube 
conducting. During the negative cycle the tube is biased fai beyond cut- 
olT and the detector becomes inoperative. No output is, therefore, obtained 
from llie detector when the main oscillator operates. 

Since the voltage injected across the series resistance r is maintained 
constant (for all the frequencies), the i)eak voltmeter reading is a direct 
mcasuie of tlie effective maguification factoi of the circuit. When the test 
capacitor is included, the luagiiilication factor of the circuit is reduced to a 
value, say (J, from the unloaded value (Jo- From the i eduction of this 
inagniticatioii factor the power factor of the test capacitor is 

calculated by means of the coinputor. 

The Coniputoi : 

The purpose of the comiiutor is to obtain from the two voltages, e. g. 
the outi)Ut voltages of the peak voitmetei and of tlie discriminator, meter 
readings proj)ortional to the i)ower factor of the test capacitor- The schematic 
diagram of the compiitoi circuit is given in figure 6. It consists of the tiuilli- 
[dicr, the subtractor and the divider. 



lu'g. 6 Schematic diagram of the computor wliicli produces a 
voltage proportional to the power factor of the capacitor. 


fi) The Multiplier — It is known that when a multigrid tube is properly 
adjusted, its plate current varies linearly with the voltage injected in the 
control grid when the signal grid is kept at a constant voltage and vice versa. 
So, when both control grid and the signal grid voltages vary, the variation of 
plate current is proportional to the product of the two voltages injected in 
the two grids (Chance, ct al). 

This fact forms the basis of the design of the multiplier circuit. The 
plate current versus signal and control grid voltage characteristics were first 
studied with different voltages applied to the other electrodes of a pentagrid 
lube \1A7-OT) and the optiniuni condition for linear characteristics deter- 
mined. It was found that with the given supply voltages to the plates and 
the electrodes Ga, G3 and G*. the plate current was proportional to the 
product of the voltages applied to the control (GJ and signal (Gj grids when 
the bias applied to these two grids were -14.0 and -4.5 volts respectively. 
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A resistance, small compared to the plate resistance of the tube, is included 
in the plate circuit. The output voltage appears across this resistance as 
shown in figure 7. 



Hi) The Subtractor, h^or a trioclc with resistive load, operating in the 
linear portion of its grid voltage plate current characteristics, the drop in plate 
voltage for a voltage c applied to the grid is kc, where h is a constant 
depending on the plate cm rent and the load value. Thus, if /i,, be the 
initial plate voltage, then the plate voltage when a signal c is applied to the 
grid is 

kc = hico" c) 

where K,, is equal to co being another constant. 

In our case, the value of Cy is made proportional to Qo and that of c to 
Q and thus the subtraction is effected (figure S). 



Pig. 8. Circuit diagram of the subtractor. 


HU) The Divider. Division is accomplished by first determining a quantity 
proportional to the reciprocal of the divisor and then multiplying it with the 
dividend. The principle of determining the inverse quantity of a given 
voltage is as follows ; 
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wlierc 



Now, ordinary Iriodcs and pentodes do not show linear variation of 
plate lesislance with id volta.i’e Ihronghout tlieir ch.aracleristics but do so 
only ovet very small ranges. This range, however, can be increased by using 
some sort of feed back. In our case, the i>entode is used as the variable 
resistance whose screen voltage is controlled by another triode which in its 
turn is controlled by the voltage 

vSuch a ciicuit used in conjunction wdth a multiplier circuit will give in 
its output a quantity proportional to the quotient of the two quantities. 
The circuit is shown schematically in figure lo. All interstage couplings 
used here are direct, and, therefore, the cathodes of succeeding tubes in the 
chain have to be maintained at higher and higher potentials. 



Fig. 9. Circuit for obtaining inverse voltage of a d.c. voltage 
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lo. Ciiruit (lingraiii of the eotnpnloi lor ealeiilatiiig llie powir f.ietoi. 

It ha;* t\^o inputs, (i) The points />/'' ulnnc llie pi'nk voltmeter 
output (ligurt 5) is fed and (.:) the i)c)hits (/(/' wlure tlie outiuit of 
the discriininator is fed. Tlie nictci M n ads the powei factor 

4. R !{ SUL T S ( ) 1 ' M K A S T’ R K ^r IC N T S : t' ( ) N t' L U I) I N O 

R I<: M A R K S 

The capacitances and po'Aer factors of a niinil'cr of condensers wcie 
measured by means of the instrument constructed and the values were also 
deterinine<l with the help of o (.)-nieter. The two sets of results aie shown in 
Tables I and IT for coniiiarison. 


Tapt.k I 


Nominal value ± 10% 

Measured hy (_>-nieler 

1 ATcasured l»y the instruiiieiit 
(jooMiul' =^o.c;5 volts) 

inpF(()v /ixfxV) 

9 5 ph' 

10 0 pp' 

10 ,, 

10.5 ,, 

JO 5 .. 

30 1. 

31 0 

305 0 

30 M 

30.0 ,, 

30.0 

52 n 

54 -^ M 

54.0 ,, 

52 1* 

55 M 

550 „ 

82 ,, 

82 0 „ 

82 0 „ 

82 „ 

82.5 „ 

82-S .. 

130 ». 

127 M 

126 „ 

130 0 

128 0 

1*7 

170 

170 

167 .. 

170 

16S 

*65 .. 

220 „ 

220 „ 

215 » 

220 „ 

222 ,» 

ai8 „ 
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Tabi.e II 


Capacity (uoinhial value) 


8 o pi' 


120 pl‘ 


Calculated power factor 

.0004 

.0011 

.0040 

I 

I .0073 

t 

( .0013 
1 

I .0037 
1 0065 

I 

1 0089 


Measured power factor 

(.oi = 26 #iA) 

.0C04 

.0011 

.0039 

, .0073 

.0104 

( .0013 
I 

I -oi'S? 

I .0064 

I 

I 0089 


The apparatus is designed for measurements of condensers of small 
values (maximum 0.02 fi F) with power factors not exceeding 0.02. The 
accuracy of the measured values as obtained from direct readings of this 
instrument, is comparable to that obtained with any standard instrument for 
the purpose. It is possible to increase the ranges of both the values, but 
with some loss in accuracy. The instrument can also be modified to measure 
the inductance and Q values of coils at the working frequency of the 
instrument. With a little modification, measurement at other frequencies 
is also possible. Introduction of tuned circuits, tuned to different frequencies 
serves the purpose. By ganging them together, it is possible to switch 
over to other frequencies with a single control. 
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RAMAN SPECTRA OF ORTHO- AND PARA CHLORO- 
PHENOL IN THE SOLID STATE AT LOW 
TEMPERATURES * 

By D. C. BISWAvS 

Optics Dkpartmuxt, 1ni>ian Association fok Tiik Cultivation ok Sciknck, 

Jadavpiik, Calcutta 32 

{Received fot publication, Janmn y g, 19.5 )) 

Plates lA-D 

ABSTRACT. The Raman spa Ira of ortlin- and para chlorophenol in tlie liquid state 
and in the solid state at different leniporaliires have been recorded and compared with 
each other, i’olarisation of the Raman lines of the two liquids has also heeii studied. 
Roth the li(iuids have yielded a few feeble extra Raman lines not reported bv previ(»ns 
workeis. The changes in the position and intensities of the Raman li es which take 
place with solidification of the liquids are more .spectacular in the case of the orthf)- 
e(»mpc)und than in the case of the para compound. The lines 379 cm * and cm ^ shift 
respectivelv to 3cS8 cni'^ and 510 cm’^ with .solidification of the ortho conipnind. 

Three new lines appear in low frequency region with the .solidification ^ f ortho chlon)- 
phenol, while six such lines appear in the ca.se of the para compound, In the formei ca.se 
when the poI>cry.stalline masses are cooled to — iSo®C, the intensity of the new line 26 cm * 
increases while that of the other two new lines remain constant. In the ca.se of para 
chloropheiiol on the other hand, the intensity of the line 98 cm ^ incre.a.ses and a new line 
at 155 cm“^ appears as the crystalline mass is cooled to —180 “C. lheprf>bable causes for 
these changes have been discussed. 


I N T B O lUJ C T I 0 N 

The Raman spectra of benzene and substituted benzenes in the solid 
state have been investigated by several previous workers with a view to 
explaining the origin of the low freciuency Raman lines which appear with 
the solidification of these substances. It was first pointed out by Sirkar 
(1936) that the intensity and positions of such low frequency Raman lines of 
crystals of naphthalene change considerably as the crystals are cooled to 
- i8o°C and that these changes cannot be explained by assuming the contrac- 
tion of the lattice at the low temperature, Kastler and Roiisset (1941) and 
also Bhagavantam (1941) put forward a theory to explain the origin of these 
lines. According to this theory the new lines are due to angular oscillations 
of the molecules about three axes, one perpendicular to the i>lane of the 
molecule and the other two lying in the plane of the molecule. It was 
* Communicated by I*iof. S. C, Sirkar 
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phenol have frequency-shifts 415 (o), 442 (i), 554 (1), 600 (o), 623 (i), 
650 (o;, 710 (i), 764 (o), 822 (i), 884 (o), 935 (o), 974 (o), 1195 (ob), 1545 (o) 
and 3080 (2) cm" In the case of the para compound such lines are at 
164 (lb), 271 (i), 498 fo) and 1608 (2) cm“^. As these lines are all equally 
weak, they cannot be due to any impurity, because in that case at least 
some of these extra lines would have much higher intensities than the other 
extra lines. Probably the spectrogram^^ obtained in the present investiga- 
tion are denser than those obtained by previous woikers and, therefore, 
these weak lines did not appear in the latter spectrogram. The presence of 

TabIvE I 

o-Chlorophenol (ClCcHjCJH) ; Av in enr^ 


Kohlrnusch and 

VomgrAtz (1935) 


174 (lob) 
268 (6b) d 

378 (6) 


498 (4) 

561 (6) 


678 (8) 

750 (0 


833 (7) 


1000 (o) 
1030 (10) 

1124 (3) 

U54 (3) 

1246 (61 
1290 (3) 

1337 (o) 

1450 (o) 

1588 (7b) 
3068 (lab) 

3177 (i) 

3516 (lb) 


Liquid 


Solid (present author) 



Present author j 


— i8o®C 

' 




5i(i),t‘,k 1 

56(s),e, k 


63io).e»k 

69 (0), e, k 

176 (8), fc ; D 

94 (lb), e, k 

94 (ib) e, k 

176 ( 3 )« ±e 

176 (a) e 

260 (i) e ; D 

273 (2). e, k 

275 (•>. e, k 

270 (6) ±e, ±k ; D 

379 (6)±e; P 

388 (i), e, k 

388 (i), c, k 

415 (o) e ; P 

442 (1), e, k ; P 

499 ^3)« ±e, k ; P 

510 (i), e, k 

S« (1), e, k 

554 (I), ^.k; P 

563 (6), ±e, k ; P 

564(1), e,k 

564 (i), e, k 

600 (0) , e ; P 

623 (1), c« ; P 

650 (0), e; P 

680 (8), ±e, k, i ; P 

684 (4),e, k 

6S.1 (4), e, k 

710 (i), e, k ; P 

750 (2), e, k , P 1 

764 (o),e;P 1 

822 (i).e;P 1 

832 (8), +e, k, i ; P i 

832 (2), e, k 

832 U). e. k 

S84 (0) , e ; P i 

935 (0) . e ; P j 

974 (0) , e ; r 1 

995 (0) , c ; P j 

1023 (15)1 ±e, h, i ; P , 

1027 (5), c, k 

1027 (4), e,k 

1123 (3),e,k; P 

1123 (i). e, k 

1123 (i), e, k 

1158 (4), e, k ; P 

iibo (2), e, k 

ii6j (2), e, k 

1195 ^ob) e ; P 

1254 (5),e, k; P 

1254 (2). k 

1258 (2), e, k 

1287 (3), k ; P 

1287 (i), k 

1287 (1), k 

14^*3 (i)»e; P 

1545 (o).« 5 J P 

1596 (10), e; D 

159 ^* (8), e 

1596 (a), e, k 

3068 (6), e, k, i ; P 

3070 (6), e, k, i 

3073 (s', e, k 

3080 (2), e, k ; P 

3180 (2), e. k ; P 

3175 ( 0 , k 

317s (i),k 

3533 (ob), k ; P 

3533 (ob).k 

3533 (<*), k 
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Raman spectra 


Fig. 1. Ortho chlorophenol 

(a) Liquid at 28°C 
{h) Solid at -S'/C 


Fig. 2. Para chlorophenol 

(a I Liquid at 28“C 
(h) Solid at ■— 30 C 
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Polarisation of Raman lines in liquid state 
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(ri) Fig S iM 

Microphotomctric records 
Fig. 6. Ortho chlorophenol, solid at - 30 C 
Fig. 7. ,, „ solid at 180' C 

{wi" 56cm”\ Wj,=69cnr*, W:5=94cm M 
Fig. 8 {a\ Ortho chlorophenol, liquid at 28''C 
Fig. 8 (fc). „ „ , solid at -‘]80''C 
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Mi crophotometric records 

Fig. 9. Para chlorophenol, solid ar 30 C 

Fi«- 10. ar - -JSO^C 

(<^i,=20cm o;, = 40cm'\ <u3 = 58cm ai,-74cm’\ 

<^ > = 98cni \ ^^^;=132cnl' t^>7 = I55cm ^ ) 
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teaman Spectra of Ortho- and Para Chlorophenol 

the three lines 164, 271 and 498 cm'" ^ is not improbable, because the ortho 
compound shows lines in these regions. Some of the very strong lines of 
the ortho compound are not present in the spectrogram due to the para 
compound and therefore, the three lines mentioned above cannot be due to 
the presence of small percentage of ortho chlorophenol in the liquid used 
as para chlorophenol. Some of the lines due to both these liquids reported 
as broad by the previous authors have been found to be split up into pairs 
of lines in the present investigation. The Hues 268 cm'^' and 3068 cm“* 
are split up respectively into the pairs 260, 270 enr* and 306S, 3080 cm'^ 


Ta«i.e: II 

fj-Chlorophenol. (CIC6H4OH) ; Av in cm"^ 


L/iquid Solid 





Present author 

Kohhausch and 

Present author 

Korshunov 



I*otigratz (1935) 


(1952) 






-3o*C 

- iSo*C 



21 (9' 

K> 

0 

20 (2) ? k 



29 *3) 





36 (10) 

40 (3)» k 

40 (2>, e, k 



57 (n>) 

58 (3) . e, k 

58 (2), e, k 



73 (6) 

74 I2), e, k 

74 (1). k 



78 (6) 





96 (7) 

96 (4), e, k 

98 (4), e, k 



118 (7) 

124 (lb), e, k 

132 (ob), c, k 



rSS W 


155 (P. e, k 


164 <ib), e ; D 

176 (l) 

170 (i), e 

170 (0), e 



196 (0) 

1 



271 (i). ±e, k ; n 




35» ^5/ 

333 (5). if. k, i : 


337 (P, c 

337 (1). c 

(6) 

386 (7), ±c, k, i; 1* 


386 (2), c 

386 (2), e 

1 

498 (0), e; P 




^35 (4) 

638 (4), e, k; P 


6(jc> (2), e, k 

640 (1), c, k 

817 18) 

828 (8). ±e, k ; P 


83s'3>,e, k 

835 (3)' e. k 

832 (5) 

847 (3). ±e. k ; P 


! 845 U),e, k 

S40 (0), e, k 

928 (00) 





1001 (t) 

983 (2), P 




1092 (8) 

1092 fio), e, k ; P 


(5h e, k 

1092 (4)* e, k 

1165 (2) 

1170 (3*. ±e, k ; P 


1173 (1), e, k 

1173 (0), e, k 

1251 (3) 

1258 (3). ±e. k; P 


1263 (0), e, k 

1263 (0), e, k 

1342 (00) 





1590* (5b) 

1592(41,0; P 


1592 (x). c 

1592 (1). e 


1608 (2), 3 i P 


1608 (0), e 


3068 (5) 

3070 lio), e, k, I ; P 


3073 ^^). e, k, i 

3073 (5). e. k, i 

3535 too) f 

3533 (od),k; P 





Some of the lines due to both the liquids are totally depolarised. Of 

these the line 1596 cm"' due to ortho chlorophenol and the line 1593 cm"* 
due to para chlorophenol can be assigned to and it appears that it is the 
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syiiiinetiy of the carbon ring and not of the whole molecule that deterniiues 
the polarisation character of this line. 

{b) Solid phase : 

It can be seen from Tables I and II that although only three new lines 
appear in the low frequency region in the case of ortho chloropbenol in 
the solid slate at in the case of the para compound the number of 

such lines is six. The dependence of intensities and position of these lines 
on temperature is also quite different in the two cases. In the case of the 
ortho compound the lines 51 cm”' and 63 cm"*' shift respectively to 56 cm“' 
and 69 cm“^ with change of temperature from -30°C to -i8o®Candthe 
first line becomes stronger at the lower temperature. The third line at 
94 cm”' remains in the same position with the same width and intensity 
with the lowering of temperature mentioned above. In the case of the para 
com[»ound on the other hand, five of the six new lines in the low frequency 
region observed at —30^0 remain in the same position at -i8o®C, wdiile 
the line 124 cm“' shifts to 132 cm”' and becomes broader at —180® C. An 
extra line appears at 155 cm”' at — i8o"'C. Korshunov (1952) observed 
this line even at a temperature probably much above —3o''C, but it could 
not be detected on the spectrogram for the crystal at -~3o°C in the present 
investigation although it was observed at -“i8o®C. This shows that the 
intensity of this line increases with lowering of temperature. The line 
29 cm”' reported by Korshunov (1952) was not found on the spectrogram 
for any of the two low temperatures and the line 78 cm”' could not possibly 
be resolved on the spectrogram obtained in the present investigation. The 
line 74 cm”' seems to weaken a little with lowering of temperature. 

Besides these changes in the positions and intensities of the new lines 
in the low frequency region changes in relative intensities and positions of 
some of the lines due to intramolecular oscillations are also observed with 
solidification of the liquid and lowering of temperature of the solid in both 
the cases. In the case of the oitho compound the lines 379, 499 and 
680 cm”' shift respectively to 388, 510 and 684 cm”'. 

As regards the origin of the new lines in the low^ frequency legion, the 
theory pul forward by Kastler and Rousset (1941) and Bhagavaiitam (1941) 
ascribe them to angular oscillations of the molecules about tlieir axes in 
the lattice field. There are tw^o criteria by which such a theory can be 
tested. First, if all these lines were due to angular oscillations their 
intensities would diminish with lowering of temperature, because it has 
been observed by Swamy (1953) that in the case of both these chloro- 
phenols the absorption bands in the ultraviolet region become sharper with 
lowering of temperature of the solid to — i8o®C, and this sharpening is due 
to diminution in the amplitude of angular oscillations with lowering of 
temperature of the crystals. As the intensity of the new Raman liuea in 
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the low-frequency region does not diminish with lowering of temperature 
and at least in the case of some of them it increases, all these lines cannot 
be due to angular oscillations. Such a conclusion has been arrived at also 
in the case of benzene by Ichishima and Mizushima (1950). Secondly, the 
phenomenon of angular oscillation presupposes the existence of a restoring 
force. Question now arises whether this restoring force is of the same 
order of magnitude in the lattice as in the liquid phase. In the case of 
molecules in the liquid phase their angular motion is restricted by viscous 
forces and if the molecule possesses a permanent electric moment, the tiiT»e 
of relaxation derived from the tlieory put forward by Debye (1929) gives 
the order of the frequency of angular oscillation of the molecules in the 
liquid. It was first pointed out by Sirkar and Sen (1949) time of 

relaxation observed in the case of some polar molecules in the liquid state 
would lead to a frequency of the angular oscillation of the order of a fraction 
of a wave number, while the new Raman lines in the solid state have 
frequencies ranging from 20 cm“^ up to 180 cm"”'. It was also pointed out 
by Sirkar (1951) that even in the case of the nonpolar benzene molecule in 
the solid state the restoring force calculated on the assumption of some of 
the lines to be due to vibration of two molecules against each other is of the 
order of 10“^ dynes/ctn, which is many times stionger than Van der Waals’ 
forces. As pointed out by Ichishima and Mizushima (195^) least one of 
the new lines due to solid benzene is due to translational oscillation. Thus 
the existence of such strong restoring forces in solid benzene is pioved 
beyond doubt. Such forces appear in the solid state evidently due to forma- 
tion of virtual bonds among neighbouring molecules and 111 the case of 
chlorophenols studied in the present investigation the fact that no changes 
in the intensity of the line 1596 cin'^ take place with solidification of the 
liquid as can be seen from Plates IC-D, indicates the formation of such bonds 
iiotatthcexpenseof sonieof thcC = C bonds in the molecule but through 
some other electrons. 

Ill the case of fi-chlorophenol the line 176 cnr> reported by Korshunov 
(1952) as one of the new lines due to the solid, in fact, corresponds to a broad 
band at 164 cm" ' in the case of the liquid. The changes in the positions 
of the line due to intramolecular vibrations are less conspicuous in this case 
than in the case of the ortho compound, probably because the permanent 
electric moment is larger in the latter case. The broadening of the new 
line 132 cm”* at lower temperatures is probably due to the fact that the 
lattice contracts and influence of distant neighbours is perceptible at 
temperatures near about ~ iSo'C. 
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AN INSTRUMENT FOR MEASURING THE DECAY OF 

Mu-MESONS’*' 
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ABSTRACT. An electronic instruiiieiit designed to study many problems connected 
w ith the decav of /u-mesoris is discussed in detail. Special coincidence circuits, which 
differ from ordiniry coincidence circuits in the fact that the output pulse from the special 
coincidence corresponds to the first input pul.se, rather than to the last one, arc used for 
recording the incoming mesons and the dec.ay electrons. Many channels of delayep 
coincidences are used so that several pt»ints on the decay curve can be obtained 
.simultaneously. 


INTRODUCTION 

An electronic instrument is described which can he used for measuring 
the life time of /i-mesons. The instrument was designed to study many 
problems connected with the decay of /^-mesons. The main features of the 
instrument are as follows : 

1. vSpecial coincidence circuits are used for recording the incoming 
mesons and the decay electrons. 

2. Many channels of delayed coincidences arc used so that several 
points on the decay curve can be obtained simultaneously. 

Several circuits have been previously reported by Iknade and vSard (1949), 
Rossi and Nereson (1913), Ticlio and Schein (1947), ^md Ilincks and 
Pontecorvo (1950). The present paper discusses in considerable details the new 
features introduced. 

ARRANGKMENT OF G-M C () U N T T? R S 

The block diagram of the airaiigemeiit of G-M counter tubes, 
absorbers, and the circuit is given in figure i. As is evident from the figure, 
the first three trays / 1 |. /l2» /I3 consisting of twelve G-M counters each, 
receive the incoming charged particles of the cosmic rays. The lead 
absorbers having a thickness of 8 cm or more filter out most of the soft 
component. Absorber J serves as a source of decay electrons. Those 
mesons which are of such energy that they can pass through first three 

* Communicated by Prof. P. S. Gill 
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trays, l)iit cannot penetrate absorber /, will stop in it and give rise to decay 
electrons. Tile lower tliiee trays B,, IL and Bj consisting of i8 G-M 



J'jj» I. Mlook difij^ram of fountor arrangement, absorbers and the c'ireuit. 

cc>unU•r^ each iccclve some of tlio^e decay ekclroiis, which go throiigli the 
solid angle defined by these tliKe trays. Absorbers // and /// may be used 
for detei iiniimg the si«ectrum of dtcay elections. 

IC h rC C T K () N I C C' I R C U I '1' R Y 

General Dc.sciitUion : Tlie pulses from each of tlie six trays are fed to 
three staged aiiiplifiei s which give out positive pulses of about 20 volts, of 
iieaily sipiaie shape, teu microseconds broad. A miniinum negative input 
l)ulse of half a volt is reguired to saturate the amplifiers. Ihc amplifiers, 
along with one cathode follower attached to each amplifier, are mounted 
just ncAt to their respective tiays on the frame itself. 

The pulses from cathode followers of each amplifier are fed to the main 
electronic instiuir.eiit by long leads from 1.5 metres to 2.5 metres in length. 
Due to the cathode follow eis, the pulses do not suifer any change in shape 
or size, in traversing these long leads. Ihe pulses from the first three 
amplifiers are fed to a special coincidence circuit A ; and similarly, pulses 
from the other three amplifiers are fed to another exactly similar special 
coincidence circuit B. Pulse from circuit A, will be referred to as pulse a 
and that fioni ciu uit B will be referred to as pulse b. 
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These special coincidence circuits diflfer from ordinary coincidence 
circuits in the fact that the out[)ut pulse from the special coincidence corres- 
ponds to the first input pulse, rather than to the last one. In fact it comes 
L microseconds after the earliest pulse = microseconds in tliis 
case). Time t is kejit nearly equal to the inaximuin time lag exi^ecled in 
the counter. This feature of the s[)ecial coincidence tedinicjne is meant to 
reduce the fluctuation of time lags of the discharges in (^-M counters as 
explained below. 

'Ihcre is a time lag between the time of the passing of an ionising 
particle through the O-M counter and the api)eaiance of the pulse < viands 
and Sard, 1947)- This delay depends 011 the distance wlieie ions aie formed 
with respect to the central wire. If the ions are lormed close to the wire, 
this delay will he less. Hut if they are formed faither ofl, it takes some 
time before the ions reach the wire and the cliarge sjneafls, thus causing 
delay in the appearance of the pulse with respect to tl»c lime of the passing 
of the jiarticle. The time delay varies according to (iiiassiaii distriliiition, 
(Sands and Said, IQ17 ; C'orsoii and Wilson, audits value may, in 

certain cases, be as much as one iniciosecoiid which causes an uncertainty 
in the tune measurements. 'I he probability of the maximum 
time lag is about one in 10* in a single (’oiuiter hSaiuIs and Said, 
1947;. Hut if a particle parses through three coimleis in succession, 
tlie probability of this delay in all the three counters at one lime is 1 educed 
to one in 10". It udll mean tliat if the earliest of the ])ulses from the three 
counter trays initiates the coincidence i)ulse, the lime lag will be reduced 
to a minimum value. 

Pulses a and h are fed to two sharpeiier-i um-feed-back circuits, w’hich 
serve to sharpen tJie pulses, aiul also paialyse llie circuit for ten to fifteen 
microseconds aftei the passage of the ])ulse. While pulse a is changed to 
a jiositive pulse cJ of width 1.5 microseconds followed l)y a negative gate ot 
10 microseconds, the pulse b is changed to a sharj) positive pulse h,, of an 
effective width ^0,3 micioseconds follow’ed riy a negative gale of lo 
microseconds. The negative gale in liolh channels serves the same pin pose 
as the anti-coincidence feature in the ciicuit fi Ticho and Sc hein fficlio, 1947). 

It can easily be seen that a particle passing through all tlic six trays will never 
be counted as a decay electron. 

Pulse a is fed to a delay line which consists ot many sections, each 
section having a delay of about 0 3 microseconds. From six diftcrent points 
of this delay line pulses are taken and fed to ecinaliser circuits wliich give 
out positive pulses of nearly equal size and width, each being about one 
microsecond at the base. These will be referred to as a«, Aj, A2. «.■}, and 

Pulse Ao has practically no delay with respect to hoi while iuilscs A|, a^. 
As, and are delayed by i.i, 2.7, 4.2, 5.8 and 7.3 microseconds respective- 
ly w'ith respect to pulse Ao. The exact relative positions and shapes of the 
pulses arc shown in figure 2 (a). 
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I'ig. 2(a). Relative po.sitions and sliapcs of the pulses ijj ditfetent parts, of the drenit. 



I'ig. a(b). Relative pi sitious and shapes of pulses of different points of special 
coincidence circuit . 


I\ach pulse aoi flj, fla, a 4 and 05 fs fed to its corresponding input of 

the SIX double coincidence tubes, while pulse which is ^0.3 micro- 
seconds in effective width is fed to the other input of the double coincidence 
tubes. The coincidence, between a, and b„ is prompt coincidence, while 
others will be delayed coincidences. The relationship between different 



Instrument for Measuring the Decay of Mu-Mesons 97 

pulses in the whole circuit shows that the prompt coincidence occurs when 
pulse 6o appears 0.3 microseconds or lesj^ before and one microsecond or 
less after the «« pulse. vSimilarly for the other pulses, the effective interval 
in which coincidences can occur are: 

1st channel (coincidence between a, and bo) 

w'hen pulse by ajjpears within 0.8 and i.S microseconds after 
2nd channel ^coincidence between a. and 6„) 

when pulse appears within 24 and 34 microseconds after rt,,. 
3rd channel (coincidence between a., and bo) 

when pulse bo appears within 3.9 and ,).8 microseconds after ay. 

4th channel (coincidence between and b^) 

when fmlse bo appears within 5.5 and 6.5 microseconds after «„• 

5th channel (coincidence between a;, and by) 

when pulse b,, appears within 7.0 and S.o microseconds after Uo- 

Another channel was added which recorded a delayed coincidence 
between pulse by and a delayed gate of a variable width, which was opened 
by the pulse a\ This channel recorded delayed coincidences when l\, came 
between one microsecond to six microseconds after Uq, 

biach of the delayed coincidence pulses was lecoulcd by a univibrator 
of large time constant which made a neon bulb glov\^ The flashes of the 
neon bulbs connected to appropriate channels were recorded on a moving 
film. 

1) K TAIL K D L) E wS C R I P T I 0 N 

: The circuit is shown in figure 3. The first lube 6AI P is 
biased to near cut off point so that it is saturated with small ])ulses. Other 


6/14/6 6A0S 6 AH 5 (^C4 



two tubes 6AQ5 and 6AK5 are sharp cut off pentodes giving out a positive 
pulse of a sharp first edge and a flat top. Tube 6C4 serves as a cathode 
follower. 

Special Coincidence Circuil- Its detailed diagram is shown in figure 4 . 
Each of the three positive pulses from the amplifiers is fed to a cathode 
coupled univibrator through a small capacity of 25 Pb- Ihe univibrator 
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gives out a sharp negative pulse, the size of which can be clianged by 
adjusting the [lolentioineter R,. The three negative pulses are added 



4. Detailed tlia^^ram of speeial tvdnridcnee cirruit 

together over a resistance W.. IC three pulses eonie at the same time the 

resultant jmlse at A’ will be a triangular pulse ; but if in the 

extreme case the three come after one another, the pulse will 
have tile shai>e shown in figure 2(h). Pulse eXj is fed to a set of tvvu 
diode discriiniiuilors in series. Due to the ]) 05 itiv\^ biases, the pulses 
can pass thiough the diodes only if their size is more than a given niininium, 
deteniiiiicd by the Ifiase^. The biases are adjusted »such that the pulse 
passes the second diode only if the pulse xj is due to the sum of three pulses. 
Naturally the pulse exo at the plate of second diode will be a coincidence 
pulse, w’hile the first edge of the pulse at the cathode of the first diode 
will correspond to the earliest input jmlse. Both jmlscs exj and exo are fed 

to amplifier tubes 6AK5. The fust edge of the pulse eXj saturates its 

amplifying tube, while the pulse ex. saturates the other tube. Pulse at 
the end of the first amplifier corresponds to the earliest of ihe pulses and 
pulse 1^2 the end of the second amplifier corresponds to the latest. Pulse 
after a cathode follower is fed to a delay line w'hich delays it for i.i 
microsecond. After amplifying and sharpening this pulse with two tubes, 
it is fed to one input of a double coincidence. On the other hand, pulse 
is fed to a gating uni vibrator which gives out a negative gate of nearly tw'o 
microseconds. The gate is fed to the other input of the double coincidence. 
The resultant coincidence pulse is shown in figure 2(h), The upper left edge 
of the coincidence pulse is due to the earliest pulse and as is clear from the 
pievious description : this edge will always appear after a fixed time interval 



Instrument for Measuring the Decay of Mu-Mesons 


99 


of 1. 1 itiicioseconcl after the earliest pulse. Coincidence occurs only if the 
last pulse comes within i.i microsecond after the earliest pulse. 

Sharpener‘cum-Feed-Back : 

Diagram of the circuit to which pulse a is fed is shown in figure 5. 
The first tube 6J6 acts as a discrimiualo) , The potentiometer l\ is set at 
such a value that the tube is triggered only by the uiiper left edge of the 
coincidence pulse. The negative output is applied to one of the grids of a 
6J6 tube which w^orks as an anti-couicideiice tube. As the other giid of the 
tube is biased beyond cut-olT, a positive i>nlsc comes out whicli is ai>plied 
to a cathode follower. This positive pulse, after being inverted is applied 
to a gating circuit which gives out a fifteen iiiicrosecoiids positive pulse. 
This gate is fed to the biased grid of the auti-coiiicideiice tube. The result 
is a sharp positive pulse follo'ved by a negative gate. The sharpness of the 
pulse can be increased by leducing the bias of the anli-coincidenee lube. 


6y 6 6j6 6 c-? 



The second coincidence pulse b is also applied to an exactly similar 
circiiil described above, except that the constants of the Hist lube are 
changed to secure a sharp pulse of fast rise time. Tlie bias voltage is also 
kept less than that in the above case for the same reason. 

It was tested that the change of frequency of input pulses iipto 20.000 

per second did not in any way affect the output pulses a and Ihr 
Delayed Coincidence : 

The delay line to which pulse a' is fed was made in the laboiatoiy, and 
consists of large number of ebonite cored inductances of nearly equal value, 
different x>oints of w’hich w’ere grounded ihrough condensers, making it a 
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SPECTROSCOPIC CONSTANTS OF MOLECULES I 
ON THE GROUND STATE FREQUENCIES OF 
DIATOMS OF THE TYPE XX 

Bv K, MAJITMDAR and Y. P. VARSHNI 
Department of Physics, Auaharai) Univeksity, Aleahabad 

{Received /or publication, December ig, igiy^) 

ABSTRACT, The theoretical evaluation of the spectroscopic constants of molecules 
by quantum mechanics has been retarded due to the didicultics in calculations. In the 
present and the succeeding paper.*A the authors propose to discuss the existing relations and 
to suggest new ones— empirical or scmi-theoretical— between the spectroscopic constants of 
molecules. A new unit for '*io* dynes/cm.” viz, “Des.” after the pioneer worker 
Deslandrc is proposed. 

An improved form of Matuyaiiia-Cla'k relation connecting the ground state 
frequencies of diatoms (diatomic molecules) formed of the same element has been sugges- 
ted. The relation is log log where is the total quantum number of the 

valence electrons, V the ionisation potential and g and hare constants for each group. 
Values for FrFr, GeGe, SnSn, PoPo and AtAt have been predicted. 

G K N E R A 1/ IN T R 0 I) V C 'J‘ I O N 

The explanation of liydrogcn molecule on wave mechanics by Heiller 
and London (1927), and the refinements by iater workers, placed the 
valence theories on a solid foundation and it became possible to calculate 
theoretically the spectioscoiiic constants of Hg. However, except for the 
simplest cases the theoretical discussion of molecules deals with the problem 
of a system consisting of lather large number of particles ^electrons and 
nucletj. There is hardly any possibility of solving such problems rigorous- 
ly. To arrive at an approximate solution various factors have to be 
neglected. According to tlie type of approximation used, w*e are led to 
different valence theories. Often the approximations are very questionable 
and the results obtained can only be called ‘daring appicximations’. So 
far as numerical niagniludcs are concerned, the calculations are almost 
hopelessly cornpHcated for the heavier molecules. As Coulson (1952) 
remarks *‘It has laughingly been said that calculating the dissociation 
energy of a heavy molecule is like weighing the captain ol a ship by deter- 
mining the difference in displacement oi his shif) when he is, or is not, on 

board/' 

Attempts have been made in the past to obtain empirical cprrelations 
between different molecular constants, such as force constant, internuclear 
distance etc* Some of the well-known empirical formulae are due to Brige 
(1925), Mecke (1925), Morse (1929)1 Clark and his collaborators (1934-1952), 
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Allen and Lonj^^air (1935)1 Badger (iQS'l. i 935 )» Huggins ^iQSSi ^936), 
Sutherland (1938, 1940), Liiinett (J940, 1942), Oordy (1946), Guggenheimer 
(1946), Wu and Chao (1947) and others. 

It is the pur]>ose of the present and the succeeding papers to discuss the 
existing relations and to suggest new ones^-empiiical or senn 4 heoretical. 
The methods will be applied to the prediction of undetermined constants 
wherever possible. 

It is expected that the present method of appioaching the problem of 
spectroscopic constants may prove useful, in encouraging experimental and 
theoretical developments. From the practical standpoint, some incentive 
may be given to the task of verification or otherwise of predicted values. 
Fuither, a more careful determination of such constants which are found 
to be enif)irically anomalous would be advisable fe.g. vibration frequencies 
of FF, PN, AsN etc.) It is interesting to note that often two independent 
empirical methods lead to the same results. 

On the theoretical side, as mentioned above, progress by the rigorous 
methods of quantum mechanics has been retarded by difficulties of calcula* 
tion, and empirical methods may, therefore, be useful. The present trend 
indicates that the theory will advance more along a semi-empirical, rather 
than a purely theoretical approach. Some of the empirical relations may 
serve as hand holds by which the theoretician can climb to more command- 
ing positions. 


N < ) 'r A T T o N AND 8 Y M B O b 8 

Clark (1935 b) has suggested the use of the term '‘di-atom’' as a short 
form of the somewhat cumbersome “diatomic molecule" and he has 
advanced seveial reasons in support of his suggestion. Though his sugges- 
tion has not gained general currency, it is found that it is very convenient 
and will be used. 

Similarly following Clark a hoinonuclear diatomic molecule will be 
denoted by XX instead ot the conventional Xo. Walsh '1951) has also used 
the same symbol. 

Clark has divided the molecules into 'periods’ which arc designated as 
KK, KL, KM, LL, LM etc., the letters indicating the closed electronic 
shells of the component atoms. Thus CO is (KK), AlO is (KLj etc. 
Tins notation has since been followed by several authors and it will also 
be followed here. 

The symbols used for the molecular constants are usually those W'hicb 
have been used by Herzberg in his well-known book “Molecular Spectra 
and Molecular Structure" Part I (1950). 

<•>*., and are defined by 

G(tj)=<i> + J) + + + 

— internuclear distance at equilibrium 
. fiA'^rtdMced mass in atomic weight units 
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k = ^.S 8 S X io~"^fXA tof dynes/cra. 

Do — dissociation eneiRy for the jj^roiind state 

( ) constants and symbols in parentheses are uncertain. 

The new unit : 

The force constant is usually expressed in terms of lo"’ dynes/cm. 
It seems better to have some short symbol for this unit as the force cons tant 

is used very frequently. The authors suggest tlie symbol “Des’* , after- 
Deslandre, the ])ioneeer worker in Molecular Spectra. It is hoped that the 
suggestion will meet the approval of otlier workers in the field. 

DATA 

The data has been taken in most cases from the following sources : 

1. O. Heizbc-rg: ‘'Molecular Spectra and Molecular Structure” Part 
1950. (D. Vail Nostrand Co. Inc., New York). 

2. O. Herzberg : '‘Atomic vSpectra and Atomic Structure”, 1944 
(Dover Publications, New York). 

3. A, G. Gaydon : “Dissociation Energies and vSpectra of Diatomic 
Molecules”, 1950 (Dover Publications Inc., New York). 

4. R. Rosen (editor) : Donnees Spectroscopiques Conccrriant les 

Molecules Diatomiques”, 1951 (Hermann and Cie, Depositaires, Paris V e) 

5. W. Jevotis; ‘‘Report on Rand-Spectra of Diatomic Molecules” 
(Appendix II), 1932 (Cambridge University Press). 

6. C. D. Hodgmau (editor): “Handbook of Chemistry and Physics”, 
1951 (Chemical Rubber Publishing Co., Ohio). 

7. C. U. iMoore : “Atomic Phiergy Levels ”, 1949 (Washington). 

INTRODUCTION 

Matuyama (1934,' proposed that the logarithms of the ground state 
vibrational frequencies of diatoms XX formed of the same element were 
linear with the logarithms of the atomic weights of X for each group in 
the Periodic Table. The relation may be expressed as 

log 0),. +p log A=a, constant ... (i) 

where P is a constant (-- i) for a given group. It was found however, 
that discrepancies occurred in the LL period, containing NaNa, PP, SS, 
ClCl. It may be added that this cannot hold for the different isotopes, 
because, for the isotopes kg is constant i.e, 

= constant 

o 

or, log 10 g + I log /I = constant 

while in (i), p 1. 

Clark (1937) modified the above relation as follows : 

log log 2/ ... (2) 

where n and P arc constants and 2Z is the number of extra nuclear electrons 
(twice the nuclear charge) of XX. He showed that equation (2) was more 
successful than Matuyama s, though the anomalies persisted in LL period. 
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A similar relation is found to hold good if, instead of 2Z, the effective 
charge Z^, defined as follows, is used. 


R 


where V is the ionisation potential of X, n the total quantum number of 
the valence electrons, and R the Rydberg constant. We can write the 
final 1 elation as 

log log n"V ... (3) 

where g and h are constants for each group. The relationship is shown 
graphically figure i. To avoid, overlapping the ordinates of the points of 
the fourth in fifth groups have been decreased by .6. The values 
of the constants g and h for the vaiious groups are given in Table I. 


Table I 


Group j 

g 

h 

I 

4.0594 

1. 1349 

IV 

4.9401 

1.0431 

V 

6.4827 

1-7338 

V and VTT 

5*2353 

1.2015 


The results are tabulated in Table II. ^^(3) represents the values 
calculated from equation (3) and from the Matuyrna-Clark relation (2). 



Fig. X. The log w, values for the foltha nd fifth groups have been decreased by .6 
to ji void overlapping 
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I (experimental data for the ionisation potentials of Francium, Polonium 
and Astatine are available. However, Finkelnberg and Stern (igso) and 
Kohlrausch ^1949) have estimated them Ly seini-einpirical methods. The 
ionisation potential of Bi has been taken from Riclitmyer and Kennard 
(1947). Other data have been taken from general references. 


Tabi.k II 



fl— Richtmyer and Kennard (1947) . „ , , . ^ 

b-Finkclnbtarg and Stern (igSo)- Kohlrausch 's (1940) estimates lot Fr.IoandAt 
are 4.11. 8.3 and 9.4 respectively. Richter (1950) e.stimates 3-6 for francium. 


DISCUSSION 

It will be observed that the discrepancies in the LL period have been 
much reduced. While the calculated results for NaNa, vSS, ClCl are satis- 
factory, there are still large errors in case of SiSi and PP. However, it 
must be remembered that the observed value of SiSi is uncertain, in as- 
much as the identification of the bauds as due to SiSi is tentative (Dowuic 
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and Barrow, 1947). It is also not certain that the lower state is the ground 
state. It is significant to note that there are strong vibrational and rota- 
tional pertiii hations in case of PP IHerzbeig, 1932 ; Marais, 1946). The 
calculated value of C)() is also much in error. The points for the Vlth and 
Vllth groups are seen to lie on the same straight line. No determination 
of the for Frl'r, GcOe, SnSn, PoPo and AtAl has been made. The pre- 
dicted values are given in the table. The predicted value for P^rFr is close to 
Clark's i)redicted value, but there is much dilTerence for PoPo and AtAt. 
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The authors arc thankful to the Council of Scientific and Industrial 
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IONOSPHERE AND NATURE OF FADING PATTERNS 
OF RECEIVED RADIO SIGNALS 

nv R. N. SINOH 

DKPARTMIiNX OF PhVSU'S, R. R. CoUK('.R, Ac.KA 
(Received for puhlicalum^ January /, 795? received afiet revision, Januaty 7954; 

ABSTRACT. Fading of received radio singnals on short wave lengths have ])ecn 
studied in great details, leading patterns on various wave hands for different distances 
of transmission from Indian as \Aell as foreign transmitting stations have been recorded 
at diflercnt hours and months of the yeat 'I'hc observed fading patterns have been 
analysed in the light of Rayleigh’s Lrniula. The amplitiide-distri])ution curves have been 
drawn from the fading patterns and compared with the theoretical curves obtained from 
Rayleigh’s probubib’ty formula. From these cuives, («' variation of the nature of fading 
at different hours of the day for the same frequency and distance of transmitter and (h) 
variation of nature of fading of received radio signals at <lilleient lioiir.s for different 
distances but for the same freciuencv of transmission, have been studied The discussion 
of the former, (a), leads to the conclusion that the nature of fading ai least partially 
depends on the electronic densities which vary with the hour of observation in the ionos- 
phere. Oisciission on the latler, (/>), also sliows that the nature of fading may depend on 
the ionospheric conditions at the hours of observation and not the distance of transmission. 
Thus this communication intends to indicate that the nature of fading palUrns of received 
radio signals is at least partially determined lyv the ionospheric conditions regarding the 
electronic density existing at the hours of observations, in the region of the ionosphere 
from which the reflections of the radi >vvaves are arriving at the receiver. 


T N T R O O U C 'r I O N 

Potter (1930! made a detailed study of the transmission cliaracteristics 
of short wave radio signals in America in 1930. One of tlie conclusions 
based on his observation was that there might be some relation lietween the 
frequencies of transmission and the fading patterns of radio signals. After 
a lapse of about two years, one of the most important researches on the 
intensity variations of received radio signals was carried out by Ratchliffe 
and Pawsey (1933) in England. The observations were made on medium 
waves between 200 and 500 metres and the distance between the trans- 
mitter and the receiver was less than 200 km. According to them the 
fading of signals may occur due to the effects of absorption in the atmos- 
phere and also due to interference of waves travelling in different paths. 
They arrived at the conclusion that the rapid variations of signal intensity 
are mainly due to the interference phenomenon. They finally held the view 
that most of the fading is due to the interference caused by scattered waves 
from a series of diffracting centres in the ionosphere. Pursuing the 
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problem for about two years Pawsey <1935) gave an account of further 
experiments on fading of radio signals. Working on medium wave lengths 
between 200 and 500 metres, he found that the time variation of amplitude 
of a reflected wave was consistent with random scattering at the ionosphere. 
In ic)4o, Khastgir and Ray (1940) intended lo test whether observed variations 
(using the wave length 370.4 m) or intensity of leceived radio signals could 
be attributed to similar random scattering at the ionosphere as suggested by 
the earlier workers. They concluded that the time variations of amplitude 
of down-coming waves agiee with Rayleigh’s formula for random scatter- 
ing. At about the same time, Sengupta and Dutt (1941) made some observa- 
tions on fading of signals on inediun waves received at Patna and 
transmitted from Calcutta and Dacca which are at distances of about 480 
and 610 km respectively. They concluded from their observations over a 
period of two years that while a random scattering is a major factor in 
accounting for the variation of signal strength of the down-coming waves, 
the observed data cannot be fully explained by this theory alone for long 
distance transmission. It may be pointed that the si/es and velocities of the 
inegularities are also liable to change with local hours and they may also 
cause changes in the fading patterns. The present communication is 
intended to show that the ionspheric condi:ion, particularly with regard 
to the electronic concentration existing in the ionosphere at the hours of 
observations, is one of the factors responsible for shaping the naluie of the 
fading parttenis of short wave radio-signals. 

D I s T A N C P: S AN 13 1 ' R K Q IT E N C I R vS OF '1' R A N S M I S S I O N 
FOR run PRESENT I N V E S T I.G A T I () N 

It may be noted from the previous section that most of the 
investigators engaged in the study of fading pattern of radio signals 
employed medium w’avcs for their observations, and investigations were 
generally made for short distances beUveen iransmitting and receiving 
stations. Comparatively much less work appears to have been done on 
short w^ave length and for long range transmissions. This led to the 
present investigations by the author, on the phenomenon of fading of radio- 
signals uiidei the guidance of Dr. S. S. Banerji, Banaras, on various short 
wave lengths. The observations weie recorded for transmission from All 
India Radio, Delhi and other Indian as well as foreign stations including 
B. B. C. I^ondon, Australia and Ceylon. The observations of Banerji and 
Singh [1948, 1949(a) 1949(h)], were generally made for 13 to 16 metre bands 
and some observations for medium waves for transmission from Indian 
stations were also recorded. The automatic and visual records of Banerji 
and Singh [1948 and 19491a)] of fading patterns obtained at different 
hours of the day and for all the months of the year were studied in detail, 
the analysis and results of which are given in the following sections. 
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III 


RAYI^EIGH’S FORMULA AND THF ANALYSIS OF T II K 
NATURE OF FADING PATTERNS 


In order to lest the true nature of fading patterns of received radio signals 
on various wave length, it is considered necessary, at the outset, to plot the 
amplitude-distribution curves for the most commonly occurring random 
fading patterns and compare them with the theoretical amplitude or intensity 
distribution curves obtained from Rayleigh's probability formula represented 


by 


r= 


2 ^ 

R* 



where R is the sum of squares of components of random 


phases, and Pdx is the probablity of resultant amplitude lying between X 
and X-i-dx. 

With this object in view a number of apparently random looking 
patterns have been selected from a large number of records of fading 
patterns and for each of them intensity-distribution curve was drawn. A 
few of these are shown in the present communication. The procedure 
adopted for the intensity distribution curves from the experimental records 
of fading partierns is too well known to need any description. 


VARIATION 01* THE NATURE OF F‘ A I) I N O AT 
DIFFERENT H O U R vS OF' THE DAY FOR THE SAME 

FREQUENCY AND D I S T A N C F: o F T R A N S M I S S 1 ( ) N 

In order to show that for the same wave length, the theoretical and 
practical curves of intensity -distribution sometimes agree and at other occa- 
sions they do depart from each other, a set of two intensity-distribution 
curves for the same wave length has been drawn comparison. The corres- 
ponding patterns of fading have also been shown in the diagrams following 
the intensity distribution curves. 

The practical and theoretical intensity-distribution curves shown by 
continuous and dotted lines respectively on igm band for transmission 
between Delhi and Banaras have been shown. Ihe corresponding fading 
patterns have been shown in figures 3 and . It will be seen in figure i 
that the practical curve for intensity-distribution agrees fairly well with the 
theoretical one but figure 2 shows that for the same frequency of trails- 
mission, the practical and theoretical curves completely disagree. In other 
words, it may be said that although the frequency and distance of trans- 
mission are the same in the two cases of fading patterns, the nature of 
fading is different as indicated by figures 1-4. It may be remembered 
that the hours of observations for these fading patterns are different. 
Figures 5 and 6 each show the practical and theoretical curves for intensity 
distribution on 25 metre band for the same distance of transmission between 
Banaras and Delhi (678.4 km.). The coi responding fading patterns are 
shown in figures 7 and 8. In figure 5, we observe almost a complete agree- 
ment and in figure 6, disagreement between the practical and theoretical 
2— 185.jP— 3 
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intensity distribution curves, although the frequency and distance of 
iransinission arc the same, only the hours of observations for these patterns 
shown in figures 7 and 8, are different. 



10 20 
Intensity 

Fig. i Delhi, lom, tS 5.1946. 1054 hours (I S.T.; 



Intensity 

Tir. 2. Delhi, igm. 1.8.1948. 1839 hours (I.S.T.) 

Similarly on 41 metre and 49 metre bands for the same distance of 
transmission 678.4 km between Delhi and Banaras, sometimes close agree- 
ment have been observed. In all these cases, it is only the hours of 
observation for the fading patterns, that are different. 



Intensitv Intensity 
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Time in minutes 

Fig. 3 Delhi, 19:11, 18.5.1(^46, 1054 ho its (I S.T ) 



Time in minute.'* 

rig 4 Delhi, igni, 1.8.19.1*^, 1839 hours fl.S T.) 



Intensity 

I'ig. s- Ptlhi, Si«D, 31.S.1J46, 0723 hours U S.T ) 
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From this detailed analysis, it may be concluded that the nature of 
fading depends on the hours of their observations. Since the electronic 
concentrations in the ionosphere, sizes and velocities ol the irregularities 
are liable to vary with the hours of observation, it may be said that the 
nature of fading depends mainly on the ionospheric conditions, with respect 
to sizes and velocities of the irregularities and the electronic density, in 
the ionospheric region, from which the radio waves are being reflected and 
reaching the receiver. That is, for the same frequency of transmission 
between two stations, one may obtain different kinds of fading patterns for 
different hours of observations. 


VARIATION OF NATURE OF FADING OF RAD 
SIGNALS AT DIFFERENT HOURS FOR DIFFERENT 
DISTANCES BUT FOR THE SAME FREQUENCY OF 
T R A N S M I S S I O N 

Intensity-distribution curves on 19 metre band foi the distance of 
transmission between Banaras and Australia are depicted in figures 9 and 10. 
Figure 9 shows a complete agreement between the practical and the theoretical 
intensity-distribution curves, while a wide disagreement is shown in figure to. 
Their respective fading patterns are shown in figures 11 and la- 



in tensity 

Australia, igm, 6.4 1947« *6*9 hoar* (l.S.T.) 


Fig. 9t 
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iMg. lo Australia, 19111, 22.2.ig.^h, 1750 hours (I.S.T. 



'rime in minutes 

rig. 11. Australia, lytii, 6.4 1947, hours (I.S.T.) 


A'X.A' 


I 2 

Time in minutes 

Pig, 12. Auitralia, 19m. 22.2.194Q. i;^750.hours ( 1.3 T.) 
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Another set of intensity-distribution curves on lo metre band and for 
distance of transmission between Banaras (India) and Ceylon was found to 
show agiceinent as well as disagreement between theoretical and practical 
curves at different hours of observation. 

From these sets of observations it will be seen that for the distance 
between Australia and Banaras there is both agreement as well as dis- 
agreement between the practical and theoretical intensity distribution 
curves. For another distance, between Ceylon and Banaras, also there is 
both agreement as well disagreement betw'eOn the said curves for the same 
frequency of transmission. That is, the same nature of fading pattern of 
received radio signals can be obtained for various distances of transmission, 
on a particular frequency, of course, at different hours of observation. This 
again leads us to conclude that the nature of fading is iiresumably 
determined at least partially by the electronic concentration in the ionos- 
pheric region from where the reflections are occuring. 


C O N C L IT s l O N 

In the discussion above, we have seen that for each of the frequencies 
of transmission on 19, 25, 41, and 49 metre bands and for the distance of 
transmission betw^een Delhi and Banaras (67S.4 km.) we get different types 
of fading patterns at different hours of observations, leading us lo conclude 
that the nature of fading may partially depend on the electronic densities 
which vaiy with the hour of observation in the ionosphere. Discussion in the 
previous section on 19 metre band for distances of transmission between Ccylon- 
Banaras and Australia-Banaras also show that the nature of fading may 
depend on 19 the ionospheric conditions at the hours of observation and not 
the distance of transmission. Thus, this communication has attempted to 
indicate that the nature of fading patterns of received radio signals is at 
least partially determined by the ionospheric conditions legarding the 
electronic density, existing at the hours of observations, in the region of the 
ionosphere from which the reflections of the radio waves are arriving at the 

receiver. 
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ABSTRACT. In this paper a connection between the usual perturbation method and 
the covariant perturbation theory of Feynman and Dyson has been established by 
considering the scattering of fast electron in a static Held. It has been shown that by the 
usual perturbation method, the second Bora approximation for the scattering <)f Dirac 
electron by the Coulomb potential gives the same result as obtained by Dalit/ using the 
covariant S-matnx of Feynman and Dyson It also agrees with the cxprcHsion given by 
Mckinely and Feshbach from the complete solution of Mott. 

T NTRODIICTION 

It is well known that the contributions of higlier approximations in the 
Born ’s series for the potent!,)! scattering of fast electrons hecnine infinite 
during the transition from Yukawa to Couloml) i)()tentia] due to the long- 
range character of Coulomb forces. The non relativistic case was discussed 
in detail by Distcl (ig32) aud Moler (i 933 )- Ihe calculation was further 
carried out for the relativistic scattering of Dirac particjc by Sexl (1933) 
Sauter (1936; and Urban (1942). The same divergence difficulties remained 
in the relativistic case. The error in their development has been pointed 
out by Dalitz (1952) who, with the aid of covariant formalism of heynman 
and Dyson, has obtained the correct second order result which is just tlie 
expression given by Mckinely and heshback (i94t>!' 1 he lesuli Mckinely 

and Feshback derived from the expansion of Mott s comiilete solution iigagj 
of the and order Dirac equation. 

In this paper we have shown that the same results as obtained by 
Dalitz (1952) for the potential scattering of electrons can be obtained from 
the usual Born’s series. Born’s approximation in the configuration space 
contains iterated integrals which come from the solution of an integral 
equation. [.This integral equation can be solved by iteration, as an 
expansion in powers of the coupling constant, however, the higher order 
terms are difficult to evaluate. 'The analytical difficulty lies in the 
non-separable character of the Green s function exp (if- r-r'i )(4;r)-i 
(|r— of the integral equation of the scattering process. This 
difficulty in this case is removed by first transforming the whole series by 
the following Fourier transforms namely, 

3— iSsaP— -3 
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Lt f ; — T (lk(«‘- r')) 

, X) J k — (/> + te) 

(47r)’' exp (ip I r-p' i ) . ( !r~r' j )“i 

The introduction of this ensures the separability of Green’s function. 

For the 2nd Born approximation we have first converted the differential 
equation for the Dirac particle to an integral equation. This is then 
iterated twice to obtain the 2nd approximation. This may be considered 
as the direct extension of the method which Sauter (1933a) used to obtain 
the first approximation. 

In another section we have established the connection of the usual 
perturbation method with the covariant perturbation formalism of Feynman 
and Dyson. It may be concluded that direct relativistic generalisation of 
the usual perturbation method corresponds to the covariaiit 5 -matrix of 
Feynman and Dyson, in the case of scattering of a particle in a static field. 
For, if we first perform the time integration occuring in the covariant total 
transition amplitude, then we get the same expression as can be 

obtained for the scattering amplitude in the conventional perturbation 
formalism. 


1. HR ON’S APPROXIMATION (2 n t> O R D K R) 
The relativistic equation of a Dirac particle is given by 


2 y. r) + m 

V^l O.Vv 


= o 


(i) 


where E is the energy and T is the potential function (^i = c= i is used) 
Multiplying the equation (i) from the left by the operator. 


Syv 


9 a‘v 




we get 


+ Sy, 


-(= 


9 :c,. 


-y,F.-m )74r(r)^ 


(2) 


can 


On converting the differential equation (2) to an integral equation 
be easily shown that ^ obeys the following integral equation : 


^(f) = 


= Mr)+ J Gir, /)( gp- -y.E-mVfr'lvKOd’r' 


(3) 


where ^a{r) = e^‘*u(p) ; u(p) is the usual Dirac Spinor and V'ii(r) satisfies 

(V® + f»*)^o''r) = o 

G(r, r') corresponds to the Green’s function of the associated differen* 
tial equation < 2) and it is constructed from the solution of 

+ r'i*=8(r, r') 
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The value of G{r, r') may be found to be 


47r I I 


On integrating by parts (3) reduces to 


^(r)=\t«(r) + ( 57.. ^'^ K(rW)dV ... (4; 


Asymptotically (4) must be of the form 

^{r) . f(0) 

r 

i,e. an incident wave plus a radially outgoing wave at infinity, where f{ 0 ) 
is the scattering amplitude and is connected to the difTereiitial scattering 
cross section by 

% = I"""' 

On iterating the equation (4) twice we get the usual and order Born's 
approximation, 

='/’()(*■) + ( ^Y.' f -r-- -^yU')4'o{r')d''r' 

\ OA\. I J /\7T ]V — V t 


K(r') V4 


J ATTlv'-r"' 


... ( 6 ) 


Now wc confine ourselves to evaluating the 3rd term of the above 


r'-r" 

occuring in the above term by 


We replace the Green "s function 


yj (an-)-“ /” j— r, . exp [jk.(r +f'')] ... (7) 

. H) J (p^ + le) 

Now changing the sequence of integration in the final result we get 
in the asymptotic form the following result for the 2nd approximation 

- 

{«(y k)-y4«-m)y./-»''K(r")e»'*" dV" «(P') 


( 8 ) 
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I r. - r' I 

where the functiou , occuring in both the 2nd and 3rd terms has been 

47 : r. ~r 


pfpr 


written in its asymptotic form, namely, . exp (-p.i*') assuming r is large 

4;rr 

in comparison with r'. This asymptotic form cannot be used for the 

I i - r" , 

function ^ in the 2nd integral of the 3rd term because both | r' | 

,pT i r -r I 

and vary fiom zero to infinity : hence none can be neglected with respect 
to otlier. 

The integral d''f^ can be easily performed when we 

consider r(?') as the Yukw'a potential, . The integral reduces to 


whence 


t'’(p-k)=^ - I c - •■“> k) rf‘i' 

i7p-k,= 


(A“+ |p-k 

rile transition to CoulomI) potential can be performed through the limiting 
process A o in the final result. 

Hence eqvialion (8) reduces to 


4- f 


U(y ■ r,i)y^ 


ATtZr 
(A=*+ |p-p' 


eO-O \2^y 

X f _ (ik(iY.k-Y(E-»»;Yt 

I Ik-p’‘-ie)(k' + \ p-\[\^)(k’‘+ |k-p'p) 


«(P') 


Now ou comparison with (5) we can write for the relativistic scattering 
amplitude 

/{(^^)=■(Zc^l(4ff)-'(^(Y i’l--Y4E-in)[ -i{v.(p + P')))//2 

+ (y.E + m)J j«(pO 


where 


/ 


/o= F(p-p') 

dk 


= / 


♦0 J (k^ - + 1 p - fe j “)(A» + i fe -p'T») 

hi +'"^k pr{A?Tik-p' n ^ p+p'r//2 
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Xhc explicit expressions foi / snd J muy be given as 


7 = 


siu«'/2)v'[A*+.i/)“(A=‘ + /)* sin’ <»/2)'] 'ViA' + 4/>MA“ + /*sin’l/'2')J 


A/> sin BI2 


cos^ 0 1 2 j 


+ +2/>*sin OI 2 [ 

s! [A^ + 4/>^(A* + /)' sin^ (^(2) ] — 2/’“ sin 2 ( 

til hi - ._i_ tan-i /’.sin 6^/2 

2p'^CQS^6j2\ 2p^Ti\ sSn^/2 A 

The scattering cross section is obtained from the above result for the 
:ase of Coulombian potential by squaring fi6) and performing the limiting 
process A— >0 in the final result. Thus the scattering cross section up to 
and Born’s approximation is given by 

tn ~ ^ ^ ^2 4 ^ [cosec*’^/2 -D“ cosec c^^/2 

ail 4m V 


+ ;rZe*t?(cosec®^?/2-'COscc^/2) + ... j 

This is the same result as obtained by Dalitz (1952) using the covariant 
.S'-maliix formalism of Feynman and Dyson. It may be jnentioned that the 
above result comes through the real parts of J and /, however, when the 
limiting process A -> o is taken, T gives no contribution to the cross section. 

2 . C 0 N N F C T ION O V C O V A RIANT FORM \ h 1 S 
A N J > N 0 N-C O A R I A N T 1' O R M A L I S M 

The Dirac equation for a particle under static potential I ’fr) is 

... (i) 

Y:-Y 4 ylr) 

(The notations used here are the same as those of Feynman ^1949). 

The Green’s function for (i) is /c + ta,!) which should satisfy the 
following 

(tV"w)2/v + (2.i) = iM2,i) ... (2) 

(The differential operator operates on the variable 2, ' ,2 X22 

.^32)). Hence the solution of (i) may be shown to obey the integral equation 

= j /v+(2,llY(2)^(2^(ir3 

where dr^ is the four dimensional volume element. 

The function KA2i i) which is the solution of (2) is called the amplitude 
when there is no external field, A similar function fr+^(2,i) has been 
defined by Feynman given below to denote the amplitude where there is 
eJcternal field F(^). 

7i/{2,l) = /Cj2,l) + K.“’(2,l) + ^<’.'®’(2-l) + 
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The first order correction term '' 2 , i) is given by 

i)=-ic jK+i2,$)Y{2,)K+(3,i)dT3 
Similarly the 2 nd order correction term is given by 

i)=-e^ J I<A2,4)Y(4)K + i4,3)Y(yJ\,{3y'i)dTsdT^ 

As an analogue of equation ( 2 ), K+^{ 2 , i) satisfies the diff. eq., 

(iV - V(2) - m)^ A’’+^(2,i) = iS(2,i) 

and, therefore, obeys the integral equation 

A’,'^(2,i) = K + ^2.i)-i j A4i2,3)Y(3)/w^(3,i)dr3 

The correction terms are evidently the successive terms of the iterated 
solution of the above integral equation. 

Hence utilising the above facts we may write the wave function ^( 1 ) as 

j K^^(l,2)Y(2Hoi2)dT^ 

with 

A%^(i, 2 ) = A + (i, 2 ) -iV y*/v + (i,3;Y(3)K + (3,2)d724 ••• etc. 

Now the covariant transition probability that a particle initially at time t = o 
and position defined by the co-ordinates (i) and characterised by momentum p 
should be in aposition of co-ordinates ( 2 ) after a time t being characterised 
by the momentum q is given by the S-niatrix, (/) I s q) which, according to 
Feynman and Dyson, 

(p s\ q) — (o ' S' o)(p \ R\ q] 

where (o 1 5 1 o) is the vacuum expectation value of the 5-matrix and (p\R \ q) 
is called by Feynman as the relative transition probability and is given by 

(p R i e j * Y(r)V'o. ^dr 


-ie'j /l^o./(i)Y{i)/w(i,2)Y(2)^,,(2)dr,ir, 

etc. 

Now writing u(.p)Mip, q)uiq) £or (p ,R' q) and putting 

V'li.ji (i) = •''’i'* ; ^<1, 4(2) = 

and /v,(i, 2 ';= ■- *■" f . ex\i {iki,.xa-x,)d*k 

(gn*) fc() k — tn ““K-- 

Substituting these values in the above we get for Mip, q), the following 

M{p,q)^-mp-q)-r^ f mp-k) ^ \v{k-q)d^k + 

t27r) J — fe* — m — 


with 


A~— Vip-q)=s,27TS{p^,-(]Q)^c^‘*P 
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Separating the time integration from the space part and defining M'(p, q) by 

A/(/>, = q) 

we get for M'ip, q) after cancelling the 8-functions from both sides, the 
following : 

M'ip, q)=y4V(p-q)- (2;r)-3 / Y‘p-k)y, 7 ,Y(k-q)d'k+ ... 

J K —fp +t(i) 

with Y(p-q)= - - 4 ^ 

(A-+ ! p-q :-) 

and ko~F.. 


The right hand side is a series which evidently becomes the solution by 
iteration of the following integral equation ; 

Ar(p, q) = r.V(p-q)-(2;r)-« f Y(p-k)Y4^>4-.l!^+’«) .yqk, q)d--k 

SiQce we are considering here the scattering in a static field, the vacuum 
expectation value of the 5-matrix, I (o ! wS ! o) 1 '*^ is taken to be unity since the 
energy is conserved in any real process (it cannot supply the threshold energy 
for pair creation in the virtual process). 

Thus the 5-matrix gives 

ip [S I q)=^{p ! R ! q) 


w^here the right hand side is characterised by M fp, Q) which is given by the 
above integral equation. 

Now it remains to show that the same integral equation as above can 
also be obtained from the usual conventional perturbation theory and then 
the connection between the covariant and non-invariant formulations is 
made clear. 

From the integral equation ( 4 ) of vSec ( 1 ) we may write the value of the 
wave-function. 




'y^E- 



4 ^ |r-r'| 




Now the conventional method of wiitting the matrix element for the 
transitiou of a particle ftom a state w(p) to another state w{Q) is (Schiff, 
Quantum mechanics) 


(plH|q'= y>^.,*fp)T4lW(q)d''r ; V(r) = 


r 







m)yj 


4/rlt-r'l • 


X V(r')4'oi^, rOdV d’r' 


- ( 3 ) 
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Now putting 
and replacing 

the right hand side 
Also wc write 


i/'o(q)=M(q)c ; >/'«(/>) =w^p) 


.>0 J 


r-v 

of the above equation, vve pioceed to simplify. 


(p 77 q) = r/(p)/(p, q,n(qi 

Through these substitutions we may note that the first ietm of the above 
series reduces to 


=T,i'P-qi 

This r^P~q) is the same as in the covariant case. 

The second integral in (3) can be treated similarly. Thus vve get the 
following integral equation for /(p, Q) 


/(p, q)=-Y4r^P’'q)~ 




(2=) 


l'(P-i«)Y4 


m] 

Ic^- (/)‘’‘4 tV) 


/(k, qld'^k 


Now changing the ly by y (since Pauli's Y-matrices, excepting y,, differ 
from those of Feynman by a factor i) we get the same integiai equation for 
/(p, q) as was obtained from the covariant formulutioii of Feynman and 
Dyson. 


? 0 N C I. P S I 0 N 

From the above consideration it api)ears that both the usual conventional 
perturbation and covariant perturbation inetliods are identical. The only 
difference between these two methods is in the invariance property of the new 
formulation Both use an expansion in power of e“/(fec). In the old method 
the perturbation matrix elements are the transition probability and energy 
difference while in the new methed they are made out of several invariant 
functions. We have seen how it is possible to obtain the old formula by 
separating the time part from the space time integrations occuring in the 
covariant formulation. Evidently, we can obtain the new covariant formulae 
by means of the old perturbation theory, if it be carried to one step further 
by introducing the time part in a relalivistically invariant way. But apart 
from this the new formulation brings in one important idea (the mass and 
charge renormalization) which we have not discussed. 
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A V P K N I) I X 


Evaluation of the integraU in Sec. I. 


STT ;p~r'! 


f ^ . exp = 

. + 0 J li — [y — tii 

On perfoi tiling the angular /.'-integration we get for the radial jiart 

O) 

Lt f - . sin k i r-r' i 


00 

=S I { ^ I r~r'i __ I J 1 f _ 

r J /v’“ — , ►(! 2i J — 

= U ^ f e'‘ 

. fo 2t J _ k~ — it 

Qiy a change of k by —A* in the 2iid integral) 


//. r-r'i 


This may be evaluated by usual contour integration. The contour is 
semi-circle in the upper half-plane. 

Using Jordan's inequality and considering the only pole at + 

we get the value of the integral in the limit e -> o, 


2 

The contribution from angular /c-iutegration, 

V 2/rV ( r -r' ,/ 

'the value is then (4^-)"^ exp [ip j r-P' ' ).( p-p' 

For the integrals I and J standard methods of S-matiix calculation (J. R. 
Chisholm ^1952) Dalitz (1951)) may be consulted. 
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Plates riA'C ! 

ABSTRACT. From morphological and X-ra}' .study the correct unit cell diinensioiis 
for ortho phthalic acid crystal was found to be a-s.o-A®, c - q ^,>5A* and 

3 = 93*30, number of molecules per unit cell being 4. The extinction conditions of spots 
from the Weissenberg pictures suggested two .space groups and for the crystal. 

X-ray analysis, together with chemical consideration and p> r )-el( ctrie lest, suggest the 
correct space-group for o-phthalic acid to be Ct or Cc. 

The simple aromatic compound o-phthalic acid, a colourless crystalline 
substance, prepared usually fioni naphthalene by oxidation, has a molecular 
formula CrHoO^. Morphological and optical studies on this crystal were 
done earlier, but no attempt has yd been made to determine its complete 
structure. Becker and Janki ‘1921) showed that the axial parameters of 
the single crystals of the substance were a= 9 * 33 ^”> * 7 *t 3 ^°» r = 5.iA 

and ^ = 94^36', the number of molecules per unit cell being 2 in that case. 
Later on, some objections were raised about the crystal class and the value 
of the angle by Wyckoff (1931). present work furnishes, beyond 

all doubt, the correct unit cell dimensions, the number of molecules in the 
unit cell and also the space group to which the crystal belongs. 

Single crystals of requisite sisre were obtained from alcoholic solution 
of the substance. The prominent faces developed were m (2r()), q (on) 
and sometimes c (001). Morphological studies made by the present author 
with the help of a two-circle goniometer, gave the following intcrfacial 

angles : 

m : m = 2io : 2 io= 39 ° 4 ' 
q: (] = oii : uii = io 7 '' 23 ' 

Rotation photographs as well as X-ray Weis«cnbcr« photographs taken 
about the three crystallographic axes (Plates liA, B. O. gave the axial lengths 
as, 0=5.05^, &=I4.03^, r = 9-325^ and the nionoclinic angle ft-Oi 3 ‘> ■ 
Comparing the values of the unit cell parameters with those found by Becker 
and Janke (1921) it is seen in the present case that (i) the value of b is doubled 
and (2) the values of a and c are interchanged. It is obvious that Becker and 
Janke’s values for the parameters are inconsistent with the moropho ogical 
data. The angle ^ in the present case is practically the same as Groth s 
(1917) value obtained by optical methods and is also appreciably different 
from Becker and Janke’s value. The density of the substance was deter- 
mined by the floatation method and it came out as i.594±.ooi gm/cm 
whence the number of molecules per unit cell was found to be 4. 
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( )VLr-exposecl zero layer normal beam Weissenberg pictures about all 
tiuec axes and ecini-inclinalion pictures for the first and second layer of a 
and b were taken in the usual way. The spots were indexed by drawing 
lecpusite charts as suggested originally by Schneider (igsrS). The indices 
cf the sjiois and their relative intensities are given in Tables I, II and III. 

TMtl.li I 

Indexing of spots and their estimated intensities (c axi i zero-layer) 
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Indexing of spots and their estimated intensities (a-axis zero-layer) 
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PLATE IIA 
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Tahi.k hi 

Indexing of S[)ots and tlieii estimated intensities (f>-axis zero-layer) 


Plant' 

j Inleiisitv 

1 

PMint 

1 

i Intcnsitx 

:iCO 

1 ' 

aa.} 

' vs 

.]0() 

111 

aoo 

•S 

002 

s 


in 


vs 

2»4 ic) 


<'>0^ 

1 

in 

402 

W' 


w 

1 


111 

•Ml') i 

1 

in 

1 4'*^* 

\\ 

1 



i 


From the Wcisscnbcr^^ pictures the follo\viiJ^> conditions for reflections 
were observed : 

fi) hkl planes present when h \'k = 2n 

(2) Jiol planes present when l-2n, /i = 2» 

(3) oko planes iri'oscnt when k-2n. 

These conditions suggest a c facc-centcred lattice for the crystal with 
a glide plane c. These conditions suggest two sjKice groups namely C2h 
and Cf for this crystal. The former space groups I'cquires a coiitre of 
symmetry while in the latter there is no centre of symmetry. From 
chemical coiisidei'atioii it is a]>i)arenl that due to the ortho positions of the 
two COOH groups in the benzene ring there can be no centre of symmetry 
for the iiiolecule. 

However, definite absence of a cenire of symmetiy for the crystal w^as 
pi‘oved by pyio-electric tests, with an iminoved type of apparatus developed 
in our laboratory by Fasak (1950), based on Lonsdale’s ^igaS and 1034) 
work. A crystal of o-phthalic acid^ approximately 4 mm, was ])laced 
between plates of a miniature condenser insulated with mica sheet connected 
with two insulated copper leads and inserted into a copper tube with one 
end closed. The wures were taken out through ebonite plug at the mouth 
of the copper lube, one of the wires being connected to earth and the other 
to a sensitive tilted gold-leaf electroscope. The plate of the electroscope was 
given a potential of 1000 volts and the gold leaf was adjusted for the position 
of maximum sensitivity. The copper tube was immersed suddenly into 
liquid air. The temperature of the crystal being thus lowered quickly and 
due to the strain thus set up in the crystal, a small difference of potential 
was developed on the opposite faces of the crystal which was clearly 
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indicated by the movement of the gold leaf through about of 3 divisions in 
the eyepiece scale of the observing telescope. When the copper tube was 
taken out from the liquid air a similar deflection was observed in opposite 
direction. This proves beyond doubt the non-existence of a centre of 
symmetry foj the cry.^-tal. So vve can discard the space group and take 
('1 or Cc to be the coricet space group for the crystal. 

A complelc structure analysis of the o-phthalic crystal by Fourier 
analysis is under progress. 
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A RIGID CURVILINEAR POLYGONAL CORE IN AN INFINITE 
PLATE UNDER TENSIONS AT INFINITY AND SHEAR 

Bv B. KARUN^S 
Dkpartmknt of \ppijfi) Physics 

UnIVFRSITY COUFI'.K OF SCIENOE AN!> TUCHNOEO^Y, CALCUTTA. 

{Received fnt publication, December irj, /«;5^) 

ABSTRACT. The fniutioii theoretic method ofMuscheli.sviliforsolvingtwodimen- 
.sional problcin.s in elastieily is employed to obtain sdulions to the problems of a rigid 
curvilinear polygonal care in an infinite phte under (i) an nll-round ten -.ion at infinity, 
(ii) a uniform tension at infinity at an inclination to the .v-axis and (iii) a uniform shear 
in the plane of the plate. 


I N T R O I) V C T I 0 N 


Muschelisvili (1Q33) lias developed a method of solving plane problems 
in elasticity by discarding the stress function and introducing two functions 
of complex variable c in terms of whicli all the relevant physical quantities 
are expressed. He has indicated how, in certain cases, these two functions 
of 2 can be determined easily with the help of the theory of functions of a 
complex variable. In the present paper this method has been applied to 
obtain solutions to the problems of a rigid curvilinear polygonal core in an 
infinite plate acted upon by (0 a uniform all-round tension at infinity, (ii) 
a uniform tension at infinity in a direction making an angle a with the 
w-axis and iiii) a uniform shear in the plane of the plate. 

It has been shown by Muschelisvili that in the state of generalised plane 
stress the stress combinations 


and 


-v V + yy = 1 real part of 0i'(2) ... (i) 

yy-xx + 2ixy=^2^\ zit>/(z]-¥'j^i'{z}] ... (2) 


where fi^z) and ^i(z) are two analytic functions of 2(=.T + ty) and a bar 
over a function represents the complex conjugate of the function. 

In terms of the above two functions the displacements are obtained 
from the relation 

2/i(u + iv) = K<Pi(z) — z<Pi'(z)~ ^i(z) 


K 


+ 3 /* 
k'+fi 


where 


(3) 
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Tofiiid the parts of (piiz) and which give the stresses xx=Ti, yy-Tz^ 


.xy=^S at infinity, we get from (i) and (2) 

Tj + T2 = 4 X real part of <Pi*(z) 

T2^Ti + 2iS = 2 X [z(I>A(z)+\I^A(2)] 


U) 


These give 


r/>,t)-i(7\ + 7'2)r; 




^^A^)=^i(T2-T, + 2iSlzj 

The imaginary part of the coefficient of c in 0,^2) is omitted as it gives 
only a rigid body displacement. 

Hence in an infinite plate with a core which exerts no force on the rest 
of the plate, we can write 




(6) 


where fj^Aiz) and are analytic outside the boundary of the core. 


'I'lIK SOLUTION 


Let an infinite plate containing a rigid core, whose boundary is a 
curvilinear polygon, be subjected to the prescribed stresses at infinity and 
let the displacement of the core be a translation u and a rotation through a 
small angle By superposing on the plate an ecptal and opposite translation 
we do not alter either the magnitude or the directions of the stresses at 
infinity. The displacement of any point on the boundary of the core is, 
therefore, given by -fy, r^ = «.v, so that u + iv = kz at a point on the 

boundary of the core. As the resultant traction exerted by the core on the 

remainder of the plate is z.ero, the values of B, C in (6) depend only on 
tbs stresses at infinity. 

We have on the boundary of the core (3) 

K<Pih)- z(p/{z)-\I^Az}==2i^i€z ... (y) 

Taking complex conjugate of botli sides we get 

- 2 / 062 . ... ( 8 ) 

on the boundary of the core. 

Let the region outside the boundary of the core iii the ^-plaiie be 
represented on the region outside the unit circle on the ^-planc by the 
conformal transformation = Then we get on the unit circle y 


~ 0'( fr) -\l/((r) = 2nim{o-) 

w'(o-) 


A>(«r) - = -ofiku) (V; 

oj (fr) 


<9) 


where 
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If 

a>(s) = b(S+a^-") 

where » is a positive integer and o^na^t, the boundary of the core is a 
curvilinear polygon. 

Substituting for z in (6), we get 


m =( B ’+ ic ') hi+rro 


■ ■ (lO) 


where and are analytic outside the unit circle y, and can be 

written as 


i. t. 


^0^5) =: + Vlf ?' + ... 


... (II) 


From equations (9) we have on the boundary of the core, where 


<r"^ ‘ + a 






•“-* 2 b((r ao'"” ) — /v 6cr -f ( /j' — iC^) b I a- 


... (12) 


( Tnii - ano -^^^) 


\ tr / rr**^ * — an 




/vRh + (B' + ,•('')/, O'. mb’ 


Multiplying (12) and (13) by ' . and integrating along >, we get 

2711 


-J-f ^±^1% ^>'(3:)^- 
2ni J \(r/(T-^ 




.. (14) 


S-iSsaP— 3 
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ii^\ lu'rJ a(i + ai,“) v,(r +<■')( 


23 ) 


For H = 2, 






A .*. JilL+fi’-* _ r( i +2a^'i I 

U iiiy^ Ki(C-2n) ■■ r-2a ( 


For n = 3, 


’P'U 


<p(i) = ibT\ ^ + 


(29) 




M!:) = ibT^-~+ 3-21l^ 3') _ s"(i + 3a')( 


(30) 


Far n ^ 4, 


m = lbT( 

j.a)-\hT^‘^+ naii+al-'^) _ r(i + «a')| 
I S ^-na) 5’*^' -na \ 


(31) 


Case 2. Uniform tension T at infinity in a direction making an angle 
a with the x-axis. 

Here B-iT 

/r + tc'=»“irc>“='“ 


and 


1 rp a(i -i /v) sin 2a . 

• WC’ + K) 

6 = 0 for n ^ 2 


We get when n = i 

I \ a + /i 


— ^ ^ I 

« ; Ki t 

2c’^ • \ gfi +ar) I 

a ' ) Ki%’-a) j 


(32) 


I 2ja(i +X) sin 2a 
' a^ + K 
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hen n = 2, 


{ i V ~ 2 a - 2 a) 


When n = 3, 


2a(i+a^'*) 

mv-2a} M 




^il) = ibT\~ + _ 2 (Kc‘“'* - a c- ^ ‘ ’)i li +3a’‘) 








When n ^ 4, 

./n-ii'i-' « 2/\c2“‘ , 2at-**‘“ I' 

0{s)-3bi jK>=_(„_2)a^}^ + [ 

^ ^{/C^-(n-2)anr^'~na) 


2(w-2)ae'"^“s'i + wa') + _ 

C’a^c 3. Uniform shear S in ihc plane of the plate. 
Here 

Therefore 




B = o, B =0, C’'=5 


We get for n = i, 


a^i ■+’ K/‘S r _ 
~7“« — ,t: forn = i 
2/A(a +/v) 

€ = o forn^2 


ihS a 1 


+ + ia^-rHi+aV) A 


<33) 


(34) 


(35) 


(36) 
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EFFECT OF BACKGROUND INTENSITY ON RESOLUTION 


By MAHENDRA SINGH SODHA* 

Departmbnt of Physics, Auahabad UiovsRSitY, Aiwhabad 2 
{Received for publication, November 13, 1953) 

ABSTRACT The paper discusses the effect of background intensity on the resolving 
power 'J'abtes, illustrated by graphs, have been given for the variation of resolving power 
with background intensity in case of Pabry-Perot etalon, prism, grating and reflecting 
echelon, and when the instrumental width is negligible 

INTRODUCTION 

This paper discusses the effect of background intensity on the resolving 
power of spectroscopic instruments, on the Rayleigh's criterion of resolution 
of spectral lines. The two cases, viz., when the instrumental width is 
negligible as compared to the Doppler line-width and vice versa have been 
distinguished. 


RH SOLVING POWER WIIBN INSTRUMENTAL 
WIDTH IS NEGLI guile 

The intensity distribution of a spectral line of wave number v„ due to 
Doppler effect is given by 

where being the mass of radiant atoms. 

2i\Tvq 

The intensity distribution of another spectral line of wave number 
v„ + Av and same intensity is 

if Av is small. same for both lines). 

Putting V ft (v-Vo) = .v and V P Av=a, the resultant intensity pattern, 
in the presence of a background intensity kT oh given by 

7 = (i) 

Oldenburg (1922) gives the position of maximum as 

a 




e“’-H-2a* 


In this section we will discuss cases with o* > 3.524 and we may assume, 
as a good approximation, aimux**®. 

* Now at Defence Science Laboratory, New Delhi. 
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Hence the intensity maxima and minimum (x — a/z) are given by 

/max//© ~ I "t" "f" C ° ••• (2) 

and /min//o=^ + ••• (3) 

Rayleigh s criterion for resolution states 

I mm/ Jmnx ~ 0.8 

Hence we get 

=■ 4(1 -fe *■“*)- IOC ••• (4) 

We find that fe = o when a^ = 3.524. If the resolving power be denoted 
by R and its value, when k = ohy Rq we have 

v'( 3 . 524 /a‘) ••• (5) 

Table 1 gives R/ R,, for a few values of k. 

Table I 

Variation of R/R© with k when instrumental width is negligible. 



■ 






[ 7 .'’Oo 

9.200 

12.00> 

or 


H 




793 

0.7.12 

0.671 

0 619 

'2 532 

0.00 

k 

0 00 

0 

1 

0.72 

X.02 


1-99 

1 

i 2 50 

3.00 

3'50 

4.00 


RRvSOIy VI NO POWKR OF GRATING, RKFbKCTING 
K C H E L O N AND P R I S M 


The intensity of a spectral line diffracted by a grating or reflecting 
echelon is given by 

Nf 3 


r=B 


sin" 


sin* P 

wheie N is the number of lines of the grating or the numl>er of steps in the 
reflecting echelon and 2P the phase difference between two adjacent beams. 
If the intensity maximum be denoted by 7 © we have 

B sin'A- 


I'llo = 


BN’ sin‘ B 


(6) 


where x=N^, and g is small. 

The above expression also represents the intensity distribution in a 
prism if x = nl sin tf/A. 

The intensity distribution of another line of the same intensity and an 
angular separation corresponding to Ax=a is represented by 


/"//« = 


sin* (x — a) 


ix-a)’ 


(7) 
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The resultant intensity distribution of the two lines when the background 

intensity is kU is given by 

llh fe+ ... (8) 

The intensity maxima (xf^o or a) and central minimum (x = al2) are given by 

r - . j. 7, j. sin'a . , 

imax~i + /c+ JJ - ...(g) 


and + 

U/2)* 

Applying Rayleigh’s criterion for resolution we get 

(I {ahY 

when a=i.oo67r, k — o. Hence if R© denotes the resolving power for 
vve have 

RlRo — j.ooGnja 
Table II gives R/Rq for various values of k. 


(to) 


(11) 
k = o 

(12) 


Table II 

Variation of RIRq with k for grating, reflecting echelon and prism. 


a 

1.006 IT 

l.IO » 

1.20 TT I 

I 30 TT 

1.40 ir 

I 5 )ir 

7 . 60 IT 

2.00 ir 

k 

0.00 

0.77 

1.55 

2 25 

2.S3 

3.28 

3.60 

4.03 

RfRo 

I 00 

0 91 

1 

0.84 

0 77 

0 72 

0 66 

0.63 

0.50 


For Ic > 4 we get imaginary values for a showing thereby that no 
resolution is possible. Physically it means that even single lines are not 
visible because Imhilmux > 0.8. 


RB SOLVING POWER OF FABRY-PBROT FT A LON 

The intensity of a spectral line in the order n© + n, where n is small and 
«o an integer, is given in the case of Fabry-Perot etalon by 

/'== /©/{i + F sin* nlrio + n)}= 7 ©/ (i + rr*) 
where F being the coefficient of fineness. 

f The intensity of another spectral line of equal intensity separated by an 
order An is given by 

* ’ F*J©/{i+F sin* jr(no + n-'An)}~/o/|i + (^“'«)‘'} 

where 

6— 1852P— 3 
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The resultant intensity pattern is 

= [i/(i + + [i/ji + U-a)"j] ... (13) 

'file inaximnm or a) and minimum \x-al2) of the resultant 

intensity pattern, when the background intensity is Ar/y, are given by 

/min//o~ ^ 2/{l +aV 4 } ••• 

and /max//u = ^ + I + I/‘I ••• (15) 

Rayleigh *s criterion for resolution requires 

fimti “ 0.8/nuix 

or (4 “• kja' - (5/; + T 6 )fl“ "• (4/e + S) -o 

2 t£5/c + i6) + \/ (5A’ 4 - 16;*+ 16(4 - Ar)(/e + 2) 

since a is real. 

The resolving power of the etalon is given by 

J? = A/dA-n„/An= im p]- 

1^(5/*.’ 16) + (5/? 4- 16 )‘‘ 4 - 16( I — /v)(/e 4 - 2)ji 

The resolving power with k-o (Meissner, 1941) is 

Ro = i. 49 noF >/2 

Hence R/Fo ~ 2.io9|^2(4 - /c)/{(5/c t- x6) 4 - s/i^k 4 - 16)* 4 16(4 - k)(k 4 2)}j 

^17) 

Table III gives R/Ro for sonic values of k. 


Table III 

Variation of R/Ro with k for Fabry-Perot etalon. 


k 

0.0 

0..S 

I 0 

1 5 

2.0 

2-5 

3 0 

35 

7A’o 

I.OO 

0 8.S 

0 77 

0.67 

0 57 j 

0.47 

0.38 

0.26 


For higher values of k which give high values for a, eqn. (13) docs not hold 
because sin a dilTers ai)preciably from a for large values of a, 

I) T S C U S vS I O N 

The variation of R/R„ with k, in the three cases dfecussed earlier is 
represented graphically in figure i. It can be seen that the background 
intensity has an important bearing on the choice of an instrument for a 
particular investigation. For example, a reflecting echelon, having half 
the resolving power as a Febry Perot etalon for k = o is superior to it for 
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Fig. I 

Variation of K^l^t with fc 
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THE EFFECT OF CHAIN TRANSFER ON THE DISTRIBU- 
TION OF MOLECULAR WEIGHTS IN HIGH 
POLYMERS. PART I— COMBINATION 

By SANTI R. PALIT and KESAB CHANDRA MAJUMDAR 

Indian Association for thr Cultivation oP^Scienck, CALcrrm 32 
{Received for publication, Decenibcr ig ^ 953 ) 

ABSTRACT Au equation for the distribution of molecular weight taking into 
consideration all types of ehain transfer vi/., by monomer, by sr»lvciit and )>y initiator lias 
been theoretically deduccMl Be.sides giving a quantitative measure of the effect of a change 
in any of the factors involved in polymeri/ation, vvliich has also been graphically described 
in the paper, this equation leads to a number of interesting conclusions which are amenable 
to a direct experimental test. They are : (i) If a monomer is polymerized in presence 
of gradually increasing quantities of a .solvent or a catalyse, and if Tq, P » and P arc the 
most probable D TL, number average I). P. and weight average 1 ). P respoctivelv, nil 
the above (piantities diminish continuously but thev .satisfy the relation r«. > Tq ^ P*. 
(//) The value of Pm, /F,. goes on increasing under .similar eircumstniices from the lowest 
possible value of 15 to its upper limiting value of 2. {Ill) 1 he variation of TqIPh 
ns well as of P„./P, with respect to any of the factors viz., nature of monomer, nature and 
quantity of .solvent and temperature can be repre.sented by a univer.snl equation and hence 
by the same graph, provided we reprc.sent the variations in terms of P^n/P where P®* is 
the D. P. of the hypothetical bulk polymerization without monomer transfer. (Iv) The 
reciprocal of the interquartile di.stance of th(‘ distribution curve, i/Ar (where Ar^r^—Zi, 
r2 and being the maximum P. P. which cover three-fourths and a quarter of the total 
weight of the jxjlymer respectively) is a linear function cf Cs{S/M) or ( r(//M) with a .slope 
approximately equal to 0.5 

The distribution of molecular weights in high polymers is known not 
to belong to any of the standard ty|)cs. Many theoretical attempts, notably 
by Schulz (1939), Flory '1936). Hulbert ci al (1943). Herrington and Robert- 
son (1942), Melville and Gee (1914). Evans and co-workers (1947). and lately 
by Tompa and Bamford (1953). and by Jordan and Mathieson (1952). dor 
polar polymerization), have been made to derive the distribution equation but 
quite a few of these equations involve the assumption of some steps which in 
the light of later knowledge is known to he far removed from reality and so is 
of academic interest only. The results of these authors, however, are not 

of much direct concern to us as our main in teiest lies in the p enomenou o 

transfer (Basu et al, 1950. 1952) and its effect on distribution, which have 
not been thoroughly considered by these authors. In the present paper, we 

propose to deduce the theoretical distribution for polymerization , in so ution 

taking into account the concurrent transfer by the monomer, the solvent, 
and the catalyst, and examine some of its implications. 
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D n R 1 A T I O N O V T II K I) I S T R I H U T 1 O N EQUATION 


To avoid writing asterisk for free radicals we use the notation of Tompa 
and Ilamford (1953) of writing X for free radicals and P for ‘dead* polymer 
molecules. We shall indicate by suffix the degree of polymerization. We 
shall write S, for solvent, and I (in italicised capital) for initiator (catalyst). 
Let ki, kp and kt stand for initiation, propagation and termination rates 
respectively and let km stand for the rate of monomer transfer, kj for catalyst 
transfer, and kn for solvent transfer. The meaning of the other constants 
is clear from the scheme below. We shall indicate by Cx the ratio of any 
type of rate to /v> i.r. C';, = and therefore, Cm is the usual monomer 

transfer, Ct the catalyst transfer and Cs the solvent transfer co-efficients and 
Ct — kfjkp, In the present paper, we have considered termination by 
coupling only as recent evidences (Mayo, ci al, 1951) have thrown doubt on 
the occurrence of termination by disproportionation. 

Kinclic Scheme (Initiation by catalyst) 


Initiation 

... l + M 


A-. 

ki 

Propagation 

... Xr + M 



k p 

Transfer (monomer) 

Xr+M 

•-> 

Pr+A, 

kM 

Transfer (solvent) 

X.+S 


Pr+S* 

k,. 


S* + M 


5 + A, 

feir, 


S* + M 


.SX, 

ks. 

Transfer (catalyst) 

Xr + I 


Pr + /* 



1* + M 


/ + X j 

kr. 


I* + M 


/X, 

ki. 

Termination 

(combination) 

Noiaiions and Abbreviations : 

Xr+X. 


Pr ^ 1 

kt 

k St yr, 

C M = -1 — ; Cs= - ; Cl 

= ; c, = 

k, . 



k p K p 

k-p 

k p 

kp 



= Cm + Cs ^ ^ 

M M ^ M 

b=CM + Co -I- Ct~j - a =- C'm 4 Cs-^ + 

MM MM 

From the above scheme with the usual steady state assumption and 
following a method which is essentially due to Melville and Gee (1944) and 
elaborated by Bawn (1948), wc can easily derive the following equatdon 
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without auy additional assumption whatsoever. The derivation is given in 
Appendix I, but it may be pointed out that we have introduced S/M and T/M 
as the variable without which simplification vSeeins to be impossible. 


dPr _ 

dM (t H*e)(i (f)*" 

Putting for th:j weight fraction of the r-mers, which is evidently 
equal to r.dPrldM, we obtain 


11 / _ qP'af + b) 


(2) 


It can be easily shown that « is ab<mt equal to q which latter under usual 
conditions is about 10 ^ or less and so we can neglect it in comparison 
with unity. The equation then takes the simple form 


^ VS" q,{ar+h ) ... ( 3 ) 

( I -I- q) " 

which is our final equation- 'Ihis is a differential equation and so gives the 
instantaneous distribution at a given value of -S/A/ and f/A/. Hence we 
should apply it cit small yields just like the other polymer equations of the 
differential type, as for example, the solvent transfer equation, and the 
co-polymerization equation. 


T IT K S II A P Iv O V T M K 'f H p: O R h' T I 0 A L D T S T R 1 lU f 'P T () N 

C V R ]' 

Por styrene tlic absolute values ol ihe rate constants aie known with a 
fair degree of accuracy. We have taken the following values of the 
constants at 6o”C viz. kp~i 7 b» and /o, “y.j x lo^, and liave drawn a set of 
curves which arc shown graphically in figurCvS i and 2. 1 he value of /c ^ , 

the thermal initiation rate is discordant among difiereiit workers and we have 
taken the value given by IVIathicsoii and co-woikeis ^Johnson, ct a/, 1942 1 
Walling, 1940) and we have taken 6v = 6xio being the best available 

value in literature (Baysal and 'ioboloky, 1052)- Ihe shapes of the 
distribution curves are very similar to those of the disliibiitioii cuivcs 
obtained by previous workers for bulk polymerization, all curves being as 
expected a little skew to the right. 

Effect of dilution and solvent Itansfet. It would be seen from the form 
of the equation that since Cs and S/M always go together as theii i)roduct, 
their eflFect is exactly the same. In other words the effect of using different 
solvents can alw^ays be duplicated by a change of the ratio, solvent : 
monomer of one solvent. 

In figure i we have given eight theoretical curves for styrene at 60 C 
for different values of Cs(S/M) ranging from zero to 5 ^ w’hich cover 
the usual range of variation in these values. Ihe most striking feature 
7— 1852P— 3 
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r: DegNC tf Pol^ntrizsl^n 

I'lCiS. I and 2 
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of these curves is the sudden change of steepness within the 
Cfi(S/M) range considered. The distribution is fairly flat at C'?CS/A/j~o 
and and even a 5 times change in this value makes the curve only 
slightly steep but from then on a small change makes the curve increasingly 
steeper. This is easily realised by comparing the enormous change of 
steepness by changing Cs(SlM) from 10“^ to 3 x lo”^ with the change effected 
by ^ ten times variation in cVS/A/ viz. from lo'*-’'" to Thus we come 

to the important result that the steepness of the curve is highly sensitive to a 
change of CsCS/M) from near about 5x10''"* onwards -a conclusion which 
is of great practical importance because it is just in this range where most 
experiments are carried out. 

Efject oj catalyst concentration. A part of the effect of the initiator, / 
is very similar to that of the solvent S as / alsvSys occurs in the expression 
C«{S/A/) t C/(//A/), and hence needs no further elaboration. The initiator 
is generally used at a concentration near about one-tliousandth mol ratio of 
the monomer and C/, the catalyst transfer coefficient is usally of the order 
of one thousand times higher than Cs, the solvent transfer coefficient, and 
so under such circumstances this initiator term is as important as the 
solvent term as long as Ci does not become ver>^ small. 

The other term involving the initiator is and so its effect can be 

easily judged from the effect of to be sliortly discussed. It 



would^ be also seen that wherever I occurs in thermal initiation, ts/IJM 
occurs in catalyst initiation and hence we have limited our later discussions 
to thermal initiation only, remembering that the conclusions arrived at 
are valid also for catalysed initiation after substituting is/ljM for 1 . t)f 
course, cXf/A/) should be added to OCS/A/j. which is equivalent to 
increasing the value of CsiSlM). 

Change of C m. From the form of the equation it is easily seen that 
Cm affects the distribution in exactly the same way as a change of 
CsiS/M). This is, however, of no practical interest as we cannot change Cm 
without changing the other constants. 

Change of k,, kp and k,. ]n the distribution equation fc,. and ir, 

always occur together as It is evident that a proportionate 

change of either ktOtk, acts in exactly the same way. Also, the itifluence 
of fep is stronger than, and is in opposite direction to that of kt and fe,. the 
effect of a given per cent change in the former being e(iuivaleut to a same 
per cent change in the square root of any of the latter two. 

The combined effect has been illustrated in figures where we have 
drawn a number of theoretical distribution curves for tliernial polymerization 
corresponding to various values of f for styrene taking lo - . A 

feature similar to that observed iu the case of a change of solvent transfer 
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co-cfficicnt is also observed here. TIic distribution curve remains fairly flat 
up to/" lo”'* but fioni then on the curve becomes more and more peaked 
and in fact an incieasc in / gives continuously increasing peakedness. The 
usual experimental conditions are more concerned with this sensitive portion 
of the curve and hence this behaviour is of great experimental interest. 
vSince / increases with temperature it follows that the distribution is expected 
to be more and more peaked with increase of temperature. This is further 
he]i)cd by a concnircnt increase of Cm and ( s. This point can be easily 
tested experimentally. 

1 ft ienjuai tile clisiance and stcc piicss of disi t ihution . A fair measure 
of the steepness of distribution is the interquartile range i.c. the range of r 
which excludes the lightest and heaviest fractions contributing a quarter 
each of the total weight. It can be shown Cnde Appendix II) that the 
interquartile range, Ar= r2“-r,, is given by the follow ing simple equation. 

Interquartile range, Ai =rj -*r^ = .T/(7 ... (4) 


W'here .v is a function of 



q but its value 


aUvays lies between 1.7 and 


2.2 and so it may be roughly taken to be ecpial to e. 

It is evident that the interquartile range decreases with an increase in q 
and theiefore, wdth an increase of Cn or .S/il/ or /. It is actually found 
from an examination of the expression for :v that an increase of C's or S/M 

decreases the interquartile range not only by an increase of q but by decrease 
of , of course, wuthin the bounds shown in ccpiation (4). An inc'rease of 
q owing to an increase in /, however, is partly ('omi)cnsated by a simultaneous 
increase of .v. Hence, w'e conclude that the distribution becomes steeper 
with an increase of any of the factors, Cm, C.v, S/M, I/M or i but the effect 
due to the last factor is soniewdiat less than the other factors w^hich all 
have equal effect for an equal change — a conclusion w hich w’e have already 
arrived at graphically. 

The most interesting part of equation (4), howev^er, is that it predicts a 
linear relationsliip between the reciprocal of interquartile range and 
C fi(S/M) at constant temperature ii.v. constant i) wdth a slope near about half. 


Ar .V X 



" O' + 
-v M 


t 

QC 


s/l/M 


(5) 


or 


A M X M sr 


I 

Ar 


8" s/lf 


C 

A 




( 6 ) 

(7) 


where as already pointed out .v has ordinarily u value near about two. This 
is a remarkable relation in the field of distribution of high polymers and 
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admits of direct experimental test, particularly so as Ar can be experimenta- 
lly determined with a fair degree of accuracy. On comparing this with the 

similar equation involving i/Pn used in determining chain transfer, it is 
obscived that the latter curve has a slope approximately twice that obtained 
by using i/Ar in place of i/^„. 

MOST PKOliAHTl*: J) I S T R 1 lU ’ T J o N 


Calculation of and its relatio^iship zvilh Pw-^Calling ro the D.P. whose 
proportion is maxininni in a given example, we find that its value is easily 
obtained by maximising IF,, with respect to r (vide Appendix III). We 
thus obtain the following equations. 



Hut, since for termination by coupling we should have ^ =Cm~\ Cs 


Pn 


vve have the following relationsliij) between Pn and 



These equations, though they look complicated, are very simple for cal- 
culation. lujuation (8) describes the remarkable result that the correlation 

of To and 1\ depends only on the constants of polymerization, t - s/ kikf I kp 
and not on the uatuie or proportion of solvent. In other words, a given 
value of Pn will have the same value of r,, provided the polymerization of 
the given monomer has been conducted at the same temijerature. 
Equation (8j gives the variation of h with change of solvent or change in 
the latter *s proportion. A graphical plot of Tq against or .V/M with 
known values of Cjv and f shows that the versus (or SjM) curve is 
concave upwards which is known to be experimentally tiue. 

It can be easily shown from the above equation as also from equation 

(i6) [vide infra] that as the proportion of solvent is increased, Pn no 

doubt decreases but the ratio rJPn goes on increasing from its initial 
value of unity to reach a maximum at i.oS when the average D. P, falls 
to half the hypothetical bulk value without any monomer transfer and then 
decreases continuously to reach a value near about unity and then remains 
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very close to unity. Thus we can say that to is very nearly equal to P» 
under all conditions within a inaxinmin positive deviation of 8%. Since 
I /Pw is a linear function of Cs or (S/M) we shall expect Tq to be also a 
linear function either of Cs at constant S/M, or of 5/M for the same 
solvent — a remarkable relation which is subject to direct experimental test. 


W K 1 H T A V H R A < \ K A NT) N T M H K R A V U RAGE D. P. 


IVcij^ht avcraj^c 1 ). P. Hy employing standard methods (vide Appen- 
dix Til) we obtain the following etiuatioii for the weight average D. P., 

y..= I.) ... (..) 

Number average I). P , This is also obtainable by standard methods 
(vide Appendix III) and we obtain 

“ i . (since i>g) ... (12) 

That our distribution equation is correct is shown by the fact that this 
value of Pn obtained by integration of the distribution function is exactly 
the same as obtainable from the usual kinetic considerations. 

I'rora kinetic considerations, we know 


I rate of cessation of chain .. . / 5 , 

= -C^f + Cs + ii ... ( 13 ) 

rate of propagation M 

= i]-it ... (14) 

where all chain tenninations are by coupling and no disproportion 
takes place. So the identity of our distribution equation with the kinetic 
chain length equation is completely establishad. 

Relation behvecn Ptr and Pn. ITy simplification of the above two 
expressions for Pt^ and Pn it is easy to show (vide Appendix III) that 


- ^1.5 and 


(i5) 


Pn (l + 4lP„) = 

This equation gives the remarkable result that by using gradually 
increasing solvent : monomer ratio at constant temperature, the ratio of the 
weight average to the number average molecular \\ eight will continuously 
increase from about 1.5 and tend to attain a limiting value of 2 at infinite 
dilution of the monomer. So w^e have set an upper and a lower limit of this 
ratio which can be tested experimentally. 


A UNIVERSAL E Q tl A T ION 

An interesting transformation can be obtaiuedif we express i/Pn in terms 
oi i i in equations (10) and (15), That is, if we puti/Pn = t(.r + ^) where x 
can take any value from zero to infinity, these two equations respectively 
become 
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]jn = 2(.r + l) 

^0 ( 2 .V + l) jl - A + v/ I + .v=l 


Wts., etc. 9 

• •• (i6) 


and 


Pg _ (aA +3)(2.V + l) 
2(a- + i)- 


/[2(.V + l)“]^ 1.5 ^ 2 


(17) 


where 




C]» + a..S 7 M 

i 


It is immediately evident that these two equations do not involve / explicitly, 
and do not contain any characteristic constant of the monomer, the solvent 
or the temperature. Hence, the variation of Ar/ (also ro//\J with .v tor 
PnV Pn where is the liyt)othetical hulk D.P. without any monomer 
transfer and is equal to I i, will be leprcsented by the same equation and the 
same curve for all monomers, polymerized at any temperature with any pro- 
portion of any solvent. 


If we put A — ; i — in the 

t 


above equations we 


immediately 


obtain equations showing the variations of P„,/ Pn or lolPn with Cr or S/M. 
Thus from equation (17) we obtain 

^-"’=2- - r ...T- ••• (/ci) 

2(( M ( S.S/ M + /)“ 

If we could have a sensitive method of determining the latio PuJ Pn this equa- 
tion could have been put to test provided we could have a monomer whose 
Cm is very much less than 1. For styrene at 6()*^C. C a/, is of the order of i 
and so the maximum possible variation of P,jPn would be over a very narrow 
range close to the value of 2 and so would be hardly detectable experimentally 
with our present methods. 


[n X r v : k i m iv n t a l ' i ' s 'r 

All the equations deduced so far are subject to a rigid experimental test. 
The only uncertainty arises from the fact that k < being an ordinary rate 
constant sometimes changes considerably on dilution or change of solvent. 
In all cases we can eliminate this uncertainty l^^using for i where 

Rp is the observed polymerization rate and 8 is V kt/kp- Work is in [irogress 
to test experimentally the equations developed in the present paper. 


Appendix 1 

D K R T V T 1 ( ) N O I' T H H 1) T S T R T li U '1' I O N F UNCTION 

From the given kinetic scheme and assuming tliat in steady state 

dXr dXi j dl^ are each equal to zero, we obtain, 

di ' di * dt dt 
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= k ,,X ..iM-kA'rM- kMX rM-k sX rS - k iXrl - kiX r C* - 0 


dX, 

d( 

dS* 

dt 


= k , IM - k,,X xil/ + kMC*M - k^,X^M - k,X,S + ik^,, + kf!jS*M 

- k (XJ+{kr, + kI^)rH!-k,X,C*=o . . 

= ki C*S - (ks. + k.x)S^M = (. 


and =k,C^l-(kj,-\- k,)]HI = i 
dl 


where ( *^ = total concciitiation of raclicals= ^Xr 

r-] 


From (i) we easily f-el 

I 


-\y_] I + Cm + C,<i Si M ■\ C t 1 1 M + C ,C*lM 1 + ^ 

.Av 


= 4' > 


(1) 

( 2 ) 

( 3 ) 

(4) 

( 5 ) 

( 6 ) 


where 


r.v 


and 

TJius 




.v,= ' .V._, =( ' ) .\,.,.=( ^ 

I I (/ \1 + (// " \l + (// 


Hence by ( 5 ) and ( 8 ) 


<:» = A-, + .v, + + .V,-.V,+ 


’ .V,+ _i 

i+q \i + </ 


.V , + 


. V I -(I'-'yK' 

-'I /' \ — "■ *'1 

i-( • ) 

\i + <//' 


Also trom (2) we obtain 
hi 


.Vi = 


, , /■ . y , ik‘i,+ ks^S^^M , iki. i k, ilHt 
i \ CmC + + 

/v }> Ik pAI 


k f,M 


I + Cm + C\‘^j + C,Ij +C, 


k,, k,,M k,M 

(i + g) 


by (3). (4) and (7) 


or 


p j^( c'.u+c4 +r, 4, ) c* 

kp \ M M / 

,\,= Ti+l) 


(7) 


(81 


(o) 


(10) 



Effect of Chain Transfer on Distribution of Mol. Wts., etc. il 
From this and (9) we get after simplification 


^*2 y 

whence we have C , - = — - I, giving 

M kp 




So writing = ' we have from (7) 


q^CM + Ca-^ +Cil+tUlM)^ 

M M 

Also substituting tlie value of C* in ( 10 ) we get 

_ ^ cy 'm) 

“ U + q) 

andsince ^ J (p 

kp C* kp\ki Ml kp 


this reduces to 


So from (8) we have 


IM, 
(1 + q'f 


V _ 1 ^? — fi 4 ) 

(1 + 4)’- 

Now from the kinetic scheme we also have 

^pt^^^kMXrM + ksXrS + kiXrI + ik,^XjXr-j. which aftei substitution 

fTT 

of the value of Xr from (14) reduces to 




Wr'" 

={kMM + k,S+klI) + 

(fejfM + fe.S+fcf/) 


(i + q) 


TT 


(l + qV 


(! + «)’■ 


feVMgJ^/M( _ , ,-T-Y 

(,^J; — j n! it H 


8— -iSsaP— 3 
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where a ~l( 

and b = Ci 


kpMqJ'^A IM 

- 

(15) 

"WJ, 

... (16) 






Also 
_ dM 
dt 


= kpC*M I- kMC*M - /omX,M + k , IM + (/ks, + ki!,)S*M - kaX.S 


•• (17) 


+ (ki^+k!i,)J*M-kiXJ 

= k pCm + k^^C*M - kMX,M + k,IM + ksC*S - fesX.S + k ,C*I 

-kjXJ, by (3) and (4) 

Substituting the values of C* and X, from (ri) and (13) we get 
-~={k,.M + kuM + kaS + k,1) IM + k , IM 

dt ^ K t 


{khM + k.S+kiDqJ^A IM 

\kt 

(i + q) 






(i + q) 


where e=q- 


= kpMJp IM (l+e) 

^ Ar ( 
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Hence by (15) and (18) we obtain 


_dPr ^ dl^ 

~ dM di 


r 

k,,Mq 

_ m 


dt 

(i + qV 

_ dpr 

_ q(ar-^b) 

dM 

(i+fijli + q; 


iar+b) / k/,M\l.‘ IM{i- 


The instantaneous distribution function of the molecular wcishls 
polymers will be, then, given by 


= dria> + b) 

\ dM ' (^+^)(l-^ <2)'- 


where r varies from 2 to co , 

Or neglecting which is very small in comparison to unity 


H' _qi'ar+l^ 

r ' 1 , - I * * * 

(r+ <JJ 


2 < r <, 00 


= qr(ar+h)c~'''’ 

by putting (i + q)’‘=e*, as shown under cq. (i) in Appendix II. 


... (20) 

in high 

... (21) 


Appendix 11 

C A L 0 U b A T I () N Ol' 1 N T E K o U A R T I bl{ DISTANCE <)E 
T HE M C; h ]-; C C L A R W E I <2 II T I) 1 S T R I R D T I <) N 

The distribution of the molecular weight fraction is, as obtained in 
Appendix I, 

ii + g) 

The lower quarliJe ty, say, of this distribution is obtained by solving the 
equation 


r ter , > 

i = = W, ; silKC ^ IV', =1 

r«2 


... fl) 


If we put e*“=(i + q)', then since q is very small compared to unity we 
shall have 
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With this transfonuation equation (^1 reduces to 


i=/ 

J i 

oo 

= ",/ 

Q J 


(v:n) 


x^c~‘"dx+ I xe ^dx 


H Q 


... (a) 


where 

/»= 

and 

f.= 


= .\ + 2I2 

= + a^ViC”*** + e~' 

So equation (2) now simplifies to 


4- % Ivi*+2(a-, + l)l - (a'i+ 

Q Q 


q ^q q^ 

Putting the values of a, b, q from Appendix 1 we find 


a_ ___ ‘Vm , 




and 

i] q q q ^ M 


I, as is very small compared to unity. 

^ M 

So equation (3) reduces cO 

3e'"‘=i + x, + f'jrr ; ... (5) 

from which by solving for a*i, we get fii — Xiiq) 

The upper quartile fa, say, can be obtained by solving 

» 00 

r ^ ^ which in a similar way as above reduces to 


where 


ie*"’-! +ac3 + /’.V2*, 

X 2 -uq 


( 6 ; 
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Hquatioos ($) and (6) can be easily solved graphically by plotting the 
two curves yi = le^ and y2 = ie^ once tor all and on the same giaph the plot 
of y — i + x + px^ may be made for vaiious values of p, cutting the first two 
curves for yi and y^ at Xi and a 2 respectively. Then the inteiquartile 
distance is given by 

... (7) 

n. 

which will, of course, differ for different values of /». 

From (4) it is easily seen that p must lie between o and 0.5 which thus 
provides us two limiting values for Ar for any fixed value of q. From the 
graphical plot it has been found that for = x^—Xi is about 1.7, while 
for i? = o.5, a*2-A'i is 2.2, so that in general the interquartile distance, Ar 

lies between “ and — . 

q q 

Appendix III 

(a) DETERMINATION OF A V E R A O E D. V. 


Weight average D,P. (Pip): 


From definition it follows 


because = ^ ] 

0 

“/ 


rWtdr 


(i) 


0 

In this integral the range of variation of r is taken as o to 00 ; but its 
contribution over the interval r = o lo 2 is so small that the diflFerence between 
the sum and the integral in (i) is perfectly negligible. 

Substituting the value of Wr and ai)plying the transformation 
^* = (1+^)’’ as in Appendix 11 , we have 


p - f f 

J J c- „ 


+ 




g g 9 V g ' 

= + on 


substituting tlie values of a and b. 


Or 




... (a) 
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— (q + il)> for thermal initiation as 


1 = ^ = 
M M ^ 


Number average D.P, {Pn) : 

The number average D. P. is given by 


p ^ ^rPr _ 

** NP VP 


where Pr represents the instantaneous distribution of the number of high 
polymers, that is P, is actually used for the differential distribution function 


g(ar+ h) 
(l + qV • 


Hence 


Pn J (!+«)' J e 


q dx 


-2 0 


where c* = (i+a)*’ as before. 


00 00 

J- = - f xe-^dx + b f e-^dx= - T {2) + bT(i) 

V Q J q 

i « ■* 0 0 ** 


= ® +h 


This, on substituting the values of a and b reduces to 

i n 

or —q’^iU for thermal initiation 

From (2) and (3) we easily obtain, 

_ "(;i 


as g ^ I 


so that 


K _ 2( l+Pnl{IlM) i) 

P» (i + lP«f(J/MW 

= for thermal initiation 

(i-+iP,t)» 


I^et us now apply the transformation 


(5) 
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t(I j M)^ (x i) or — =^(.r + ^) in case of thermal initiation ; where a; 

Pn Vn 

varies from o to co 


as 


or 


__ I — Cw + C.S S/M + C / J/M 

foj. thermal initiation. 


(6) 


Kquation (4) then reduces to 

Pu> \ 2.V + I / — (2X + lK2.r+^3) _ I_ 

i. ~ (, I Y 

a.T + 1 ' 

which is a universal equation showing that the variation of Pw/Pn with x is 
independent of any rate constant or temperature. It may be easily seen 
from (6) that P,rl Pn lies between 1.5 anda .0 

(b) EXPRESSION FO R THE MOST P R O P A B I, D. P., (ro) : 

The D.P. corresponding to the maximum proportion of the distribution 
can be obtained by maximising W r with respect to r. 


dWr _ o 
dr 


qtUf±b) 1 _ 


or 


(i-fqE* (i + g)"* 


qY<> (i + g)" 

Since \n ii + q) ^ q» this reduces to 

a^fo* + - 2a) To - h = o, 


whence 


\ q 2a/ \ q 4a ) 


XT h _q-t(llM)*-iqlU!M)^= _?_1 

2 a qlUlM)^ t{TIU)i q 


Hence 


that is 


or 


^ - 1 because i is very small compared to other terms. 

tUlM)^ q ' 

°^q~i miM)^ ” g) *(7^ ^ V(//M)‘ ) i^)’ 


fo= - - 


^ ^ 


+ ( i.- 2 V - + -L_ V 

for thermal intiation 

q t^W q i <V 


( 7 ) 

(7a) 
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To = 


By (3) and (7) we also have 

^ 4. +i/(//M)*^ 


-I- 


Pn 


2 ? + -JL- y 

+ WiM)iy ^ 


or for thermal initiation, 

2 I . / 


'■ ( *“) ‘ i "*')■ ( s 

Applying the same transformation as in (5) we have 




i 




\ M M MJ 

= ... +._li±£!'±__ + (i-v+v 1+4^1 

/(//A'/)l(v + i|-/(//AfH(v+i) (.v + ii ' 


or 


T>L = (2 A1+ 1 ) ( J _ ^ ^ - J + J 

7 ) 2(a-I-I) 


( 8 ) 


(8a) 


(9) 


Since to/P'^ is a positive quantity, x^o and \/ i + -v^ ^ (i-a'), the term 
V I +A‘* with negative sign in (g) is inadmissible. So we have 

To _ (2 a: + i) (i — a:+ V i+a^*) , ^ 

2(.T + l) ■” 

This gives a universal relation between r^/Pn and .r, which is true for all 
monomers, polymerized at any temperature with any proportion of any 
solvent. From this it can be easily seen that To/Pm is slightly ^ i for all 
values of x from o to 00 with a maximum of 1.08. 
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OBSERVATION OF SCATTER ECHOES ON HIGH 
POWER PULSED TRANSMISSIONS 
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{Received for fyublicafion, Fehruaty j/, ii)St) 
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ABSTRACT. Strong? scatter an* found t<) oct ur iieiir the traiisinitlcr c-ii high 

power pulsed traiisinissioiis using direc’tue antenna arfay^. 'Iwi) ‘'erirs (A «»l)sei valinii'- 
have been described in the paper, one during Novemlier ig.^o, and the othci during 

May-Junc, 1951. Various types of scatter are pissiblc depending upon the local ion of the 
scatter sources in the ionospheric layers and on the ground The observations indicate 
that the most probalile mode of scatter is the “On und 10 ' where the transmitted beam is 
scattered at the ground, the piopagatioii being through the R layer. From a knowledge 
of the aerial polar diagram and the ranges of the scatter echoes, it has l>een possible to 
locate the ground scattering sources It is loiind that (,ne ()f the impeatant scuirces of 
ground scatter is the Himalavan range hi the Noith West IToiitier Province. Various 
aspects of the scattering process have been <lescribed and thedr i.nportance on broadcast^ 

ing service discussed. 


I N T R t) 1 > F C T I O N 

On long dislauct trausniibbiou, bpcciilar ledcction from llic ionospl'.eie 
is thought to be the only mode of proimRulion. Nevertheless, signals have 
been received for a long time in llie past within the skip zone of a trans 
mitter. These have been attributed to irregular scattering from the 
inhomogeuieties known to exist in ionospheric layers. Sometmies, the 
scatter-signals are so strong that they constitute a good service area around 
the transmitter within its skip zone. 'I’lie investigation of scatter signals 
so far as broadcasting service is concerned necessarily involves a knowledge 
of the irregular structure of the ionospheric layc.s and the,, temporal 
variation. Ihe object of the present communication is to deal with one 
such investigation where high power pulsed transmissions were used for 

observing scatter-echoes. 

Eckersley (1940) has obaervad Ite acntla-achcs on vanons wave- 
fmiuenciea and »ith varion. trananntur ,».«« ua.nB dirocl.ve antennas. 
Ho found that woak signal, tvoto ooming from tho rog.on vthoro tho boan, 
ponotratod the E-layor followed by st.onger groups of signals at a range 
Lghly equal to the equivalent path for a single hop f. layer Iransniision. 
He coLlndes that both these effects are due to hack-se-atter ttom lonic 
efond. in the E-layer. Booker and Wells 1.93d) have observed diSnse 
» V. C. Iyengar wa.s formerly it, the All India Radio 
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scattering from the P'-layer on their P'-f records regularly in almost all 
winter nighls during 1037-38. They interpreted their results by assuming the 
existence of spatial irregularities ij) the P^-layer above a certain level so 
that day-tittle reflections from the layer are below the level of inhoino- 
genieties. They have further shown that in order to explain the scattering 
at night enormous irregularities are not required ; electronic clouds having 
densities about two to three times the average maximum electron density 
in the P^-layer aie sufficient for the purpose. CRPI< observations by 
Hartsfield and others (1950) of high power pulsed transmissions indicate 
that contrary to lickcrsley’s findings, the predominant source of scatter 
was from the ground, the mode of propagation being through the K-layer. 
Similar conclusion was also arrived at earlier by Itdwards and Jansky (1941). 
Diemiuger (1951) has made a fairly thorough investigation of the problem 
by using fixed-tre(|uonc3’^ pulsed transmissions as well as automatic records 
from I'trcorder. He has found that a scatter from the P'-Jayer u as a 
rare phenomenon, the most predominant mode of scatter was, what he calls 
as 2 X P' scatter, i.e. tramsmitter to T, to ground, back to P' and then 
hack to receiver. Here again, the mijor source of scatter was 
considered to be the ground. He found that out of 1053 observations, 
08.5% of the scatter-echoes might he considered asaxp' type. Benner 
(1949) made similar observations using high power pulses. He has 

evolved a method of computing maximum usable frequencies from the 
scatter-observations. The method essentially depends upon the assumption 
that the scatter-echoes originate from the giound. Villard and Peterson 
(1952) have earned out an experiment in which they have used rotating 
antenna and a p.p.i. for studying the scatter-echoes. They have found 
that ground scatter via P'-layer and sporadic K are quite common and 
such information could be utilised for instantaneous prediction of 
frequencies for long distance radio propagation, Villard, Peterson and 
Manning (1952) in a later communication have shown that the same experi- 
ment could be utilised for studying sporadic li from consistent scatter-echoes 
returned from them. 

In the present paper we shall describe some observations taken with 
high power pulsed transmission. Since we have used a broadcast 

transmitter suitably modified for the purpose, our observations 

were rather limited ; the transmitter could only be used during 

the hours when it w^as carrying no programme. Two series of observations 
were taken ; one during November 1950 and the other during May-June 

1951- 

a. nomenclature OF D I F F P: R E N T TYPES OF 

SCATTER 

Since we shall be dealing with many different types of scatter-echoes, 
it is of advantage to define them in relation to the ionospheric layers and 
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tli6ir mode of propagation from the transmitter to the receiver. Figure i 
shows the iiiodes of propagation and tlie nomenclature is given below : 



I'iguu' 1 I Possible t>pes of scatter 


T represents the location of both the transmitter and the receiver. X 
and are the ground-reflection points. The various possible paths for the 
wave to be propagated fiom the transmitter to the receiver are shown in the 
diagram. 


'J'ype of rcatter 

Mode of travel 

Totul path 

Short 1 C 

rnr 


Short V 

rcT 

zfC 

Ground IC 

TDxnr 

^TD 

Ground F 

Tcncr 

470 

EE 

rc 1 7 

TC^ CA f , 

FEF 

rCACT 

2(7r+fvj) 


Thus, W'c find that excluding multiple-hop and M-type propagations, 
there are six types of scatter. Our ground h' scatter is tiie same as 2 x V 
scatter of Dieniinger {1951)- The scatter-sources may be located at any of 
the points D, C, A, D, X and knowing the ranges of the scatter-echoes from 
the scatter-pattern and the characterisHcs of the aerials involved, one can 
locate the source of scatter, 

3. E X r K R I M E N r A h T E C II N I Q V E 

In the present series of experiments a 100 kw broadcast transmitter was 
pulsed in the following way. The screen grid of an early exciter stage was 
held at a high negative potential through a diode which was normally kept 
conducting by applying a suitable negative voltage at its cathode- The 
exciter, under these conditions, was blocked and the carrier was suppressed. 
Positive pulses from a suitable pulsing source w’cre applied to the cathode 
of the diode so as to neutralise the standing negative bias for the duration 
of the pulses. The diode was, therefore, cut- off and the blocking bias on 
the exciter-screen was remeved. The carrier would be on for this small 
duration. The pulse repetition frequency was kept at 50 c/s and k o c/s 
to investigate the long-distance and the short-distance types of scatter. 
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The high pov\ur tiansniittcr was located towards north about ii km 
away from the receiving centre. The receivers used in the experiments 
were commercial Hammarlund Supci Pro Communication receivers suitably 
modified for pulse reception (Mitra and Roy, 1951). In the November 
series of experiments, the intermediate fretjuency-output from a similar 
receiver was used for 21,700 kc/s transmissions since the wave-frequency 
was beyond the range of the modified receiver. In the May-June series, 
however, w’e employed a modified receiver Iiaving an amplified output 
after the second detector from the receiver. The pulse-pattern w^as dis- 
played on an oscinosco[)e-sciecn in the usual way and photographs of the 
pulse pattern were taken at frequent intervals. A system of height-marks 
at an interval of 80 km (total path) v\as incorporated. A typical scatter- 
pattern is .shown in figure 2 (Plate III A). The Iransmitting aerial used 
in the exiieriment was an 11/4/4/1 army with a primary lobe maximum at 
7.8® vertical and oriented 316'* east of iiovth. The width of the lobe was 
±4® down to about 60%. This aerial is mainly used to serve Middle Kast 
and Ivnropean countries. Diamond types of lecciving aerials and sometimes 
dipoles w’ere employed to reeeive the pulses. 

Measurements of ionospheric cliaracteiistics at vertical incidence were 
also carried out during the course of the experiment. During the November 
series, a manually operated ionosplieric recorder was employed. During 
May-June series, however, a panoramic type of ionospheric recorder which 
was constructed at the Research Department of AH India Radio was made 
available. In this recorder, the frequency range swept through was from 
0.5 to 20 Mc/s; the time taken to sweep through this range being 7 
seconds. A peak power of about 10 kvv was radiated. A typical P'-/ curve 
taken with this recorder during the period of observation is shown in 
figure 3 (Plate III A). 

/). 1' R 0 O R A M M R OI- ( > P S B R V A T T O N 

The first series of transmissions w^as made in November 1950. The 
tiansinission-lime was fiom 1100 to 1230 hour.s 1ST and from 1500 to 1630 
hours 1ST l5i hours ahead of (iMT). The wave frequencies w'ere 21,700 
kc/s and J7,74t' It '-'lay, liowcver, l)e incidentally mentioned that 

Oherzi’s obsci vatioii (1931) on unidentified pulsed transmission was probably 
the 21,700 kc/s transmission fiom Delhi. 

In the second series of observations, only 21,700 kc/s was employed. 
The period of observation was tliroughout the month of May and ist June 
1951. The time of observation was from 1500 to 1630 hours IST and from 
0130 to 0300 hours IST on every alternate day. Panoramic P’-f records 
were taken during this series once every half an hour. 

s N A T U R K OF O R S E R V A T I O N 

We have mentioned above that in the present paper we shall describe 
only the* scatter-echoes observed at Delhi. The scatter-signals have been 
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PLATE 


Different types of scatter -patterns 



Fig. 4 

Date: I, t‘». Al ; time; HUI2 hrs, IS F ; 
leading edge : 12Hn km ; max. anipl : 2IHMt 
krn : trailing edge : 2r)(»() km ; width : 12SII 
km ; aerial : H. H. C. diamond 


Fig. :> 

Date : 1. h. .■>! ; lime , ir)2K hrs, LS I’ ; 

leading edge : 1200 km ; max. anipl : 12so 
km; lH4h km ; trailing (dge : 24(MI km ; 
wullh : 12(10 km ; aerial : vertical diamond 





Fig. 6 Fig. 7 

Dale : 1. 6. 61 ; time : 1525 hrs, 1ST ; Date: 1. 6. 51 ; time : 1600 hrs, 1ST ; 

leading edge : 1200 km; max. ampl : four leading edge : K160 km ; max. ampl. : lOSO 

peaks; trailing edge 2080 km ; width: 880 km; trailing edge : 2160 kra ; width: 800 

km ; aerial : vertical diamond km ; aerial : B. B. C. diamond 
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attributed to be due to the existence of irre^ulaiilies in the ionosphere in 
the form of ionic clouds. For efficient .scatterinj[>, the ionic density of the 
scat* er-clouds should be higher than that of the surrounding medium. The 
mo' .on of the scatter clouds distributed in a random manner will produce 
an irregular fluctuation of the received signal. In the experiment, a cone 
of waves having a finite width is incident on the ionosphere ; the scattcr- 
pattern, therefore, spreads itself on the screen of the oscilloscope having a 
well-defined leading edge, a maximum amplitude and a trailing edge, 
(figure 2) The scattering centres may also located outside the incident 
cone and the laterally deviated scattered waves may contribute to the received 
signal. We shall, however, concentrate mainly on the primary lobe of our 
transmitting antenna since a 4^^ deviation 6*oni the maximum of the lobe 
brings a 60% decrease in tlie emitted power. The directivity of the receiving 
aerial is also an important factor and has been taken into consideration. 

There is yet another idienomenon that has been frequently observed 
during the conr.se of observation. Transient echoes coming from a low 
range and lasting only a fraction of a second bavj been observed during 
these experiments. These are presumably due to the reflection of the 
incident beam from ionised trails left by meteors. During the November 
series of observations, these transient echoes were very frequent and their 
rate was high. This was probably due to the period of observation coincid- 
ing with the Leonids and Androinedid meteoric showers which are known 
to occur in November. The transient echoes have been photographed and 
their duration and ranges noted. An analysis of their vertical lieighls has 
revealed that the reflection was occurring at the iMayer— thus conforming 
with many contemporary observations of meteor trails by radio waves. 

The tw’o series of observations will be dealt with sej^arately. We shall 
not make any assumption regarding the nature of irregularities pioducing 
the scatter-cchoes. The various types of scatter as enumerated in Section 
2 and as observed in the expel imenl will be discussed. The most probable 
mode of scatter will be obtained from a statistical analysis of the ranges. 
The probable sources of scatter and their location will be obtained from a 
knowledge of the aerial j)olar*diagrains and the most frequent mode of 
scatter. All tlie data have been collected from the several hundred photo- 
graphs that were taken, the necessary information being the ranges of the 
leading edge, maximum amplitude and the trailing edge of the scatter- 
groups. Observations during November 1950 were rather less numerous. 
We shall first describe the observations made in May-June 1951. 

6. DIFFERENT T Y P R S O F vS C A T 1' K R - P A T 7' K R N AND 

THE E F F E C T OF T H E TRAN S M I T T I N G A E R I A 1/ 

Our observations indicate that the ranges of the scatter-groups were 
variable. Before proceeding to describe tlie effect of the transmitting 
aerial, we present a few typical photographs of the scatter-pattern from 
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wliich <lie variation in the nature and the rani^cs of the scalter-groiips could 
be seen see Plate III. 

Figure 4 shows a scatter-pattern whose niaxinuini ainpUlude is clearly 
defined. The width of the group is about 1280 kin. Sometimes, more than 
two peaks are observed in the same gionp. Figure 5 gives an example where 
botli the leading and tiie trailing edges arc sharp but there are as many as 
four peaks within the same gioup. There is also an indication of a weaker 
scatter-group at a very close range, the range of the leading edge of the faint 
group is only 560 km and its width 320 km. On the other hand, the remote 
major group shows a leading edge at 1200 km with a width of nearly 1200 km. 
Two minutes later the faint weaker gioii{) b.coiiies still weak, almost sub- 
merged into‘iioise' ; v\hercas, the remote and the strongei group remains more 
or hss the same ^'figure 6). This suggests that some dense ionic clouds were 
probably present in the D-layer which were scattering the incident wave. 
Figure 7 shows a scatter-pattern where the leading edge is at 1360 km but 
the total width is only 800 kmA. 

Since the scatter-patterns are variable in nature and in their ranges, a 
statistical analysis of a series of observations would be necessary to arrive 
at some conclusion regarding the probable mode of scatter and its location. 



Angle of de]jartttre in degrees 
Fig. S'. 





Observation of Scatter Echoes, etc. 


153 


Assuming ray propagation in the ionosphere, it is i)Ossible to work out the 
total path for any type of scatter as mentioned in vSeclion 2 provided the 
vertical height of the ionospheric layer is known. ‘I he i>aths will, how- 
ever, depend upon the angle of depaiture of tin- radiation troni the 
transmitting antenna. The total i>ath foi various angles of departure have 
been calculated for each type of scatter from the geometry of the jiath by 
taking into consideration the curvaluie of tlie earth. The results are 

plotted in figure 8. The height of the K-layer has been assumed to be 
100 km and the heiglit of the T-layer to be 300 kin by day and 350 km by 

night. Panoramic P' f rect^rds show that the heights of the li,-andh- 

layeis as assumed aliove are in agreement with the observed values. 

The paths have been calculated tor angles vaiyiiig between 4^" and J3'\ 
the angle for niaxiiimin radiation in tlie t)ritiiary lobe being 7.8''. vSince 
the total j)alhs for the Orouml h' and (Ironnd Jv types of scatter are twice 
the tialhs ftir Shoit h' and Shoil h. types resi)ectivcly, they have been 
combined together in tlie hgiue. Tims, tlie curve 1 ei>resentiiig Shoit h 
scatter can be used to lead (Ironiid K with twice the values in the y-scale 
and similarly the curve re[>ieseiitujg (iiound l\ seatler can be utilised to 
lead vShort Iv with hah the scale along llic y axis. We liave taken a cone 
of rays in the pninaiy l(;be from 4*^ to 13'’ since the polar diagram of the 
transniilling antenna ‘allows that outside this cone the eneigy incident on 

the ionosi)here will be small and scatter-radialions, ii any, will be of much 
lower in tensity. 

7. S C A T '1 K it - 0 s fC R V A T I 0 N 1) P R 1 N O M A Y - J 1 N Iv I'.S - 


ia) Introductory Re mar kii ■ 

One of the imDortant object, of the experiment i. to determine the 
prohal)le type of .caller. The seatter-pattein on tlie scieen of the oscillo- 
scope has always «ot a finite width having well-defined leading and trading 

edges. Consequently, the type of scatter into winch the two edges wd fit 

might not be the same even ihou.gh they constitute tlie same pattern. One 
can determine the type ot scattei troni the cuives shown m figure . 
provided the range is known, liven then, different modes arc 1°^ 

the same range depending upon the angle of dcpaituie o tic rans 

radiation. In order to lake into account so many variable factors we have 

analysed all the observations on a statistical basis. We lave rs P ° ^ 
the distributions of the ranges for the leading edge, maximum aniplitudc 
and the trailing edge separately both for day-lim; and uigld-tiine conditions 
and thus their most frequent ranges are determined. The probable modes 
of scatter fot the leading edge, maximum amplitude an t le rai ing e g 
are next determined with reference to figure 8. Effort has, however been 
made to concentrate as near to maxiniuin of the primary o e a. po si . 

The origin of the different probable types of scatter is then discussed and 
the location of the scattering sources is examined. 
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The lotai nniiihcr of scatter observations diirini^^' tliis series is 751 
distributed between one and a lialf hour during day and one and a half 
lioiir during night. 1 he wave-ficqucncy v\as kept at 21.7 Me/s and the 
pnlse-repetition-frequciu'y 100 c/s. Scatter-eclioes having ranges within 
3000 km around the transmittei could, therefore, be investigated. The effect 
of different receiving aei ial-systeiiis on the nature of scatter-ecliocs was also 
studied. I*or tliis purpose, ‘diamond’ aerials directed towards Hngland, 
Bombay, Calcutta, Madras and horizontal dipoles were freely employed. 
Vertical ‘diamonds* were also used. We shall have occasion to refer to the 
effect of different receiving aerials later in the paper. 

(b) Dii^lrihufion of the Ranges' 

The ranges of the leading edge, maximum amt)litude, and the ti ailing 
edge from each pho<ograph of the scatter-pattern \verc fiist iilottcd on a 
time scale Observations on different dates were plotted independently. 
I'igure 9 shows an example uhete the observations of ist June 1951 are 



Tint I > T 

I'ig 0 * Scatter observation on 21700 kc/sec at Delhi, 1500 to 1615 hts I S T., 

June I, 1Q51 

indicated. The crosses within the solid line indicate the ranges of the 
maximum amplitude aud the length of the line indicates the width of the 
scatter-pattern. We next group together all such ubtervations and plot 
the distributions of the ranges foi the leading edge, niaximuiii amplitude 
and trailing edge both for day-time and nighi-time conditions. Figures 10 
to 14 show the distribution diagrams. The most irequent lauges are then 
determined from these figures and are shown in Table I below : 
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1 

I )ay 
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, day nnd night 

Leading edge 

12^0 km (‘•econdarv 
peak at 1840 km). 

1520 km j 

320 km 

Maximum amplitude 

1840 k m 

1680 km 

260 km 

Trailing edge 

2r»8o km 

i 

1920 km ! 

1 

160 km 


The most frequent average width of the scaltcr-group is, therefore, 
8S0 km during day and 400 km during night. The significance of this 
variation between day and night-time conditions is not clearly understood. 
One would, however, expect that at night due to lc.ss ionospheric absorption 
scattered radiation from a wider area in the ionosiihere would be incident. 
Smaller width of the scatter-groiqis at night may indicate the existence of 
a smaller luiinber of scattering centres and thereby suggesting some sort 
of a solar control on the occurrence of ioiios[)hcric irregularities during day. 

(c) Piobable mode of scattci : 

Knowing the most frequent ranges of the leading edge, maximum 
amplitude and the trailing edge of .scatter-groups, we evaluate the probable 
mode of scatter for them with reference to curves shown in figure S. 
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Tile leadin^^ ed^e (1200 km; during day corresponds to the Short E type of 
scatter, the con esponding angle of departure for the transmitted radiation 
IS 7"’. The leading edge during night (1520 kin) also corresponds to the 
Short Iv type at angle of about 4"". The maxiiiuim amplitude, however, 
corresj)Oiids to Cj round Iv at angles of departure of about 10.5” during day 
and 12" during night. The hailing edge during day could be explained 
cither by (hound 1 C for a firing angle of or by Short F for a firing angle 
of about Hut the trailing edge during night could only be explained 

by riroinid IC at an angle of about 10*^. The vShort F does not seem to be 

a very likely lyi)e since we have to assume a high angle of radiation (13°) 
in the primary lobe at which not much energy will be radiated and conse- 
quently the back-scattered ladiation will be small. 

We may. therefore, conclude that except for the leading edge which 
could be explained by the Short IC typo, the rest of the scatter-echoes within 
llie seatter-groiq) arc due to scattering from the ground, the propagation 
being through the K-hiycr. 

(d) EAl^lanaiion of ilir mode 0/ scalier : 

In tliis section we shall tiy to justify the above mentioned types of 

scatter wdiich arc found to explain the scatter-echoes observed in the 

experiment. 

(/) heading edge. The leading edge of the scaltcr-gi oup is found to 
corrcs[)otid to the vShorl 1 C type of scatter, it means that some amount of 
energy in the incident beam was directly scattered back to the receiver 
from the K-region to eoiislilute the leading edge It presupposes the 
existence of a considerable iiumbei of incgularilies in the IC-laycr. This 
is quite possible since t he IC-iegion often contains irregularities in the form 
of ionic clouds constituting the vSimradic Ji and back-scalter from them 
w'ould constitute a detectable signal at a sensitive receiver. But the 
intensity of the back-scalter is usually small and in the experiment have 
also observed that the anq)litude of tlie leading edge is generally smaller 
than the subsequent echoes in the scatter-pattein. Oui November series 
of observations did not show any Short K type for the leading edge mainly 
because the gain of the receiving e(iuii)ment fusing intermediate frequency 
output) was not sufiiciciil for the purpose. 

The panoiamic P'-f records show incidence of strong Es (almost 
‘blankctting' type) on the first two days’ observations. On subsequent 
days, however, Es w^as not so strong although it was present on almost all 
the days. These facts lend further support to the hypothesis that the 
back-scatter was originating from ionic irregularities in the E-layer. 

Hi) Maximum amplitude and Trailing edge^ We have seen that the 
most frequent maximum am\)litude and trailing edge of the scatter-groups, 
both during day and during night, correspond to the Ground E type of 
scatter within a variation in the angle of departure of the transmitted beam 
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lying between 9® and 12°. The angle of departure points rather towards 
a high value. However, assuming tliat most of the scatter- echoes arc 
coming from within the primary lobe, consideiable amount of energy was 
being scattered from the ground to reach the receiver via the IMaycr. 
Since the vvave-frequcucy was much above the 111. u. f. of the normal K- 
layer, the mode of propagation for the Ground li tyi)e of scatter was 
presumably through the lis. Tlie incidence of both during day and 
during night has been observed 111 our P'-/ recoids. The ground should, 
therefore, possess considerable irregularities to produce a good scatter- 
signal. We shall see in the next section that the location of the ground 
upon which the scattered radiation from Ite Iv-layer was incident, lies in 
a mountainous region, and as such, good scattering of the incident beam 
is quite probable there. 

We, therefore, conclude that both Siiort IC and (* round M types of 
scatter were the predominant inodes to constitute the scatter-echoes 
observed in this scries of experiments. Other modes of scatter may occur 
but due to very high angle of radiation needed to explain them, we consider 
them rathei unlikely. 

(r) Location of the soun:e of ^caitci : 

In the previous section we have seen that the most frequent modes of 
scatter were Short E and Ground E. In this section we shall examine these 
two types in more detail and also try to localise the source of scatter for 
the Ground E type. In arriving at the inobablc mode of scatter, wc 
analysed all the values for the leading edge, maximuin amplitude and the 
trailing edge. We shall now group together all llie values foi tlie different 
types of scatter and find out the most frequent range for any particular type 
of scatter. 



Fig. 15. Short F-scatter range in km (Hatched portions indicate night-time 

observations) 
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l’'igure 15 shows a histogram of all the ranges for Short K type of 
scatter observed during the experiment. This histogram is drawn by re- 
grouping the observed individual lauges so as to come under range-groups 
of convenient width. The hatched portion in the figure indicates the 
iiuinber of observations at night. It will be observed that tlie most frequent 
range for the vShort 1 C scatter is 1400 km. Night-time observations which 
arc less iminerous indicate that 1500 km is the most frequent range. 

Figure 16 shows the histogram of day-time Short F type of scatter. 
The most frequent range is about 2100 km. At night no observation 
corresponded to the Short h' type. In other words, if genuine ionic clouds 
in the F-laycr scatter the incident wave during day, those irregularities are 
either absent during night or their dimensions and densities are such as to 
produce no effective .scatter ing on 21.7 Mc/s. This is in contradiction to 
the findings of Booker and Wells ti93^) who found large amount of 
scattering from the F-laycr in the night. 



Pig. 16. Short I'-s(Mtifr range in kin (day) 



Fig 17. Ground IC-scatlcr range in km (Hatched portions indicate night-time 

ubservatioiivs). 
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Figures 17 shows tlie histogram of all the ranges for (iroiind 1C type of 
scatter. The hatched portions indicate night-time observations as in the 
previous case. The figure shows that the most frequent range for the 
Ground E type is 1800 km during day while during night it is 1700 km. 
This difference of too km between the day-time and night-time values 
in the most frequent ranges is observed both for Shoit K and Ground E 
types of scatter. 

We shall now deal with the problem of locating the sources of Ground 
E scatter. The vShort 1C and the Short F types are due to back-.scatter from 
ionic irregularities in tlie E and F layers respectively. But for Ground E, 
the portion of the ground ‘illuminated* by the scattered radiation from the 
E-layer should possess considerable irregularities for an effective re-scatter- 
ing process. The most frequent range for the Ground E scatter is already 
known from figure 17. This range is the total path travelled by the signal 
between the transmitter and the receiver. The great circle path corres- 
ponding to this range could be calculated and knowing the polar diagrams 
of the transmitting and the receiving aerials, the area on the ground 
‘illuminated’ by the incident beam can be located. An estimate of this 
scattering zone has also been made. In the calculation we have considered 
only the primary lobe of the transmitting aerial. The hatched portions 
MNOP and M'N'O'P' in the map (figiue i<Sj indicate the scattering zones on 
the ground on either side of the transmitter since the beam was a bi-direc- 
tional one. Tlic distance over the ground of these zones from the trans- 
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raitter is about 833-- Sgokni. It is, therefore, found that for Ground E 
type of scatter, contributions from two zones on the ground on either side 
of the transmitter may jointly or separately occur. It may be mentioned 
that many workers have found ground-scatter from all directions around 
the transmitter. We have also searched for similar instances by using 
highly selective ‘'diamond'’ aerials directed to different diiections. Since 
we employed directional transmissions, scatter radiation from other 
directions, although observed, were not so prominent. Some 
special tests were carried out with the BBC and Calcutta 
diamonds. Although the angle of elevation for the Calcutta diamond 
was different from the BBC one, the test gave us some indication regard- 
ing the directional properties of the gromid-SLatter. The BBC diamond 
whose acceptance cone is mirked by DE (figure 18) would receive signals 
only from tlie north-west direction ; in other words, scatter signals from 
MNOP could be received by this aerial (BC and B'( ' show the transmission 
cone of the H/4/4/1 array). A Calcutta diamond would, how’ever, 
receive signals fiom roughly the south-west, i.e. from the zone M'N'O'P', 
It was found during scatter-observations that when the receiving aerial 
was quickly switched over from a BBC to a Calcutta diamond, the scatter 
pattern almost vanished. Figures 19 and 20 show such an example. 
Calcutta diamond was used for figure 19 where the scatter-pattern could 
not be seen. Figure 20 shows the pattern where the aerial was switched 
over to a BBC diamond when a clear scatter-paltcrn could be observed. 
Similarly, the effect of diamond aerials directed towards Bombay and Madras 
was also studied, lixperimcntally, it was found that most of the scatter- 
patterns were obtained with the BBC diamond. 

It may, therefore, be concluded that the ground-scatter observed in 
this experiment was due to scattering from the ground in the region MNOP 
(figure 18). The area of this zone is about 8,000 sq.km. This area falls 
in the mountainous portion of the North West Frontier Province covered by 
the Himalayan ranges. It is, however, very likely that such a region 
consisting of highly irregular surfaces may provide efficient scattering of the 
incident beam. Dieminger (1951) has also observed similar scattering from 
Apline ranges. 

A general examination of the scatter-photographs shows that the 
amplitude of the scatter-group is quite large and its width quite considerable. 
In the absence of regular measurements of the energy in the scattered 
beam, it is not possible to determine how much energy is being scattered. 
But there is no doubt that a considerable amount of energy is being 
scattered at the ground and consequently a smaller field will be produced 
at the intended service area. 
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8. vS C A T T F R O F. S E R V A T I () N S I) T R I N O 
N O V R M n K R I9S0 

U) Analysis of observation : 

In this scries, observations were rather less numerous than the previous 
one. The pulse repetition frequency was 50 c/s. The schedule of observa- 
tion has been given in Section 4. Since the period of observation was one 
and half hours around midday and afternoon o^ any of the two operating 
frequencies (21.7 Mc/s and 17.74 Mc/s), the general nature of the scatter- 
pattern might not be greatly affected due to any changevS in the ionosphere. 
We have averaged the values of the ranges f^r the leading and the trailing 
edges during each period of observation at different times and the analysis 
is presented in Table II. 


Taiu.k II 

Observed ranges of the leading and the trailing edges of the scatter-groups 





r . 

1 Time 

Range of lead- 

Range of trailing 

No. 

I'lequency 

Date 

1 ST 

i 

ing edge in 
km 

edge in km 

I 

21.7 Mc/s 

^ 3-11 .50 

1 200-- 

J 2 vO. 

2400 

3600 

TI. 

'^ l ■7 .1 

15 

do 

2300 

3320 

Ill 

21.7 ,, 

77. 11 50 

do 

2320 

3520 

IV. 

21 7 .. 

17.11 50 

1500— 

1630. 

2560 

4000 

V. 

17-74 M 

19.11.50 

do 

2000 

2960 

VI. 

17-74 M 

21. II 50 

1 200 — 
1230. 

2160 

3040 

VII. 

17-74 ,, 

21.11.50 

j 500 — 
1630. 

2000 

2800 

VIII. 

17 74 M 

23.1 T. 50 

JIOO— 

1230 

1920 

2960 

IX. 

17-74 ,, 

23-11-50 

I^Ov)- 

1630. 

2000 

2 nbo 


It will be noted from the table that the average values for the ranges of 
the leading and the trailing edges are approximately 2000 and 3000 km 
respectively, the scatter-group having a finite width of the order of 1000 kin. 
The observations during May-June 1951 have indicated that these values 
were somewhat lower. It is also found that the scatter-patterns on both 
the frequencies were more or less of the same nature. 

Next we determine the most probable mode of scatter corresponding 
to the ranges of the leading and the trailing edges concentrating, however, 
near the maximum of primary radiation. For this purpose we make use 
of figure 8. We find that the Ground E i.s the most probable inode of 
scatter to explain all the observa'ions of the leading edge. '1 he average 

3— l'’54P — 4 
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ansle of departure for the observations is 7.4“. Short F may be a possibility 
blit the angle of departure corresponding to this mode is much higher, 
about 11°. We, therefore, prefer to explain the leading edge by the 
(Ground K type of scatter. The ‘equivalent vertical incidence frequencies* 
for 21.7 Mc/s and 17.74 Mc/s are higher than the normal penetration 
frequency of the U-layer during the period of observation. In the absence 
of any measurements of P'-j curves over Delhi, it was not possible 
to ascertain the incidence of Ivs during the period of observation. 
Hut since the period coincided with two prominent meteoric 
showers, it is quite likely that extra ionisation would be present in the E- 
layer either in the form of an overall increase in the ionisation density of 
th'"* layer or in the foi ni of localised ionic clouds constituting the Sporadic 
li or both. We may, however, assume that specially during the month of 
November, the K-hiyer had a good share in being responsible for the propa- 
gation of a large amount of tinnsmitted energy on either of the two 
frequencies. (This has further been substantiated by down-coming angle 
measurements on these pulses conducted by the Radio Research Board, 
England, where a considerable variation in the angle was observed. This 
was probably due to the fact that the propagation was through the Es and 
not through the F-layer). It is, therefore, seen that the ground acts as a 
maior source of scatter in the present exi)erinient. 

Regarding the trailing edge and portions in between the two edges, the 
analysis reveals that Ground li is again a likely possibility. The angle of 
departure of the beam corresponding to Ground }{ points rather towaids a 
low value. Short F ^nd FK types of scatter are also possible, but then 
one will have to assume the existence of irregularities in the F-layer. 
Since the total number of observations is few in this senes, a definite conclu- 
sion regarding the most v>redominant mode of scatter to explain the trailing 
edge is not possible. 

9. a isr M A R Y AND CONCLUSION 

In this section vve shall summarise our results outlined in the body of 
the paper. 

The investigation of scatter signals carried out in the present experiment 
clearly indicates that Ground E is an important mode of scatter. Short E 
and FE types are also possible. The Himalayan ranges have been found 
to act as an efficient source of grouiid-scatter. For the Ground U type of 
scatter, it is assumed tint the propagation is through the E-layer. Since 
the wave-frequencies used in our experiment are much above the m. u. f. of 
the normal E-layer, the propagation tor the Ground E is presumably 
through the Sporadic E. The incidence of Sporadic E has been observed 
in our P'-f records both during day and night, the day-time Es being much 
stronger. The occurrence of night-time Ground E scatter is consequently 
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not so frequent as during the day-time. In the absence of any measure- 
ment of reflection coefficient of P's, it has not been possible to delenniiie 
whether the Sporadic E observed in our experiment was of a “thin layer 
type“ or of tlie ^Vloiid type". Jt appears likely that the Oround K type 
of scatter would not have been so frequently oljserved during the day had 
there been no Sporadic E present and one would have expected Ground F 
type to be more prominent instead. 

An interesting object of study in the scatter cxpeiiments would be the 
evaluation of the energy in the scattered radiation in relation to that in 
the transmitted beam. This wotdd give the amount of energy that is 
“lost" by the scattering process and which would- have otherwise been 
useful in producing greater field strength in the intended service area for 
these transmissions. Ihis is rather imporlaui for a broadcasting service 
since the planning of short wave transmissions over long distances demands 
a good signal to be produced at the intended service area. It has, however, 
been observed that our service to luirope on 17 and 21 Mc/s bands using 
the n/4/4/i array has not always been satisfactory ; the field strength 
of the received signal as icportcd by BBC sometinu*s diops to very low 
values. Even if one includes the unavoidable limitations in the t)rediction 
of maxiinum usable frequencies intsulting in a reduction ol the received 
field'Slrcngth, such low figures are rather unexpected. This may be 
explained by the loss of transmitted energy in the form of scattered radia- 
tions. It wouUl be interesting t i observe back-scatter from the BBC end 
by employing identical arrangement. The expeiiment would tell us 
whether the Ali)inc ranges produce efTocts similar to those observed from 
the Himalayan mountains on tran.smissious from India. Our Ground Iv 
range is tlic Himalayas, whereas on low angle transmissions from BBC (he 
the Alpine mountains may not pi educe such appreciable effect since their 
distances from the transmitter will not be .so far as to account for a similar 
Ground E. Moreover, the incidence of Sf)oradic E is likely to be .stronger 
at low latitudes. Both these causes will probably produce stronger scatter- 
ing on transmissions from India towards Europe than from the reverse 
direction. 

It has also been found from our scatter observations that a large 
amount of signal reaches North West Frontier Province and Afghanistan. 
The beam should normally skip over these provinces provided the propaga- 
tion is through the F-layer by the primary lobe of the aerial system as 
originally intended in the planning of the service. It is, therefore, likely 
that the scatter-signals could provide a service-area within the skip zone. 
But it is rather difficult to predict how much satisfactory a sei vice would 
be when it is based solely on scatter-signals. A syflcinatic study of the 
incidence of Sporadic E is, therefore, desirable foi the purpose. Similarly, 
an interesting investigation W’ould be the study of the fading of the received 
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scattcr-si^’nals uitliin the skip zone and how much it affects satisfactory 
listening. 
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ON THE PRODUCTION OF CHARGED MESON PAIRS BY 
NEUTRAL PARTICLES IN COSMIC RAYS* 
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mate iV 

ABSTRACT. The investigiiiion r ported by Jaiiossy and Rochester (iy)i) has been 
repealed in Calcutta nsiiifc* a niodill d arrangement so that instead of shiedding the whole 
thicefold coincidence cuiinter telescope with anticonnters, only the topmost coincidence 
counter has been shielded almost conipletily with nnticounters. It has been observed 
that the number of anticoincidences incieases sliglitly even when a lead absoi her placed 
between the two upper ooincideiu counters is moved from its position just above the 
lower counter to one just below tlie upper counter QvS observed hy Rusk and Rosenbaum 
(19.19), but the nuiiihcr increases furllicr when thi.s absoiber is shifted from the latter 
position to one just above the topmost coincidence counter. This increase is again found 
to be the .same as that observed w itli the diminution of the thickness of a lead afisorher 
placed above the auticoimters from 21 cm to 25 cm. This incrca.se is found to I)c 
statistically significant and about .1",, of the total nurnber of charged meson.s recorded 
with the same arrangement. 

It is pointed out that the low value, .035^0 reported by Janos.sy and Rochester is due to 
the failure of the arrangement to record cvent.s in winch the neutral particles produced nt 
least tw'o charged mesons moving in widely dilleretit directions. 

I N T R 0 I) U C T I 0 N 

It was first pointed out by Rossi, Janossy, Roditslcr and Bound fiyjo) 
that the results of previous workers regarding the dilTereiicc between the 
number of counts in a threefold counter telescope with a lead absorber above 
the topmost counter and that with the al)S(>i her below tlie topmost counter 
was mostly due to side showers. Ro.ssi and Regener (1941) combined a set 
of anticoincidence counters, A, above a fourfold coincidence counter tclescoiie, 
hCDE and observed that when a lead absorl)er 5 cm thick was shifted ftom 
its position below U to that above it, the number of anticoincidence counts 
BCDE-A iucreased by about 1% of the uuniber of fourfold coincidences. 
When a lead absorber 2.5 cm thick was placed above the anticoincidence 
counters this increase was about .75^ of Ibc fourfold coincidences. They 
interpreted the results by assuming that the increase in the number of 
anticoincidences with the shift of the absorber from its iiosition below the 
counter B to that above B was due to production of mesons m the absorber 
in its position above B by neutral particles, winch were probably high- 

* Communicated by I’rof. vS. C. Sirkar. 

f Now in the Physics Department, Presidency College, Calcutta. 
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energy jieiitions. These iiivestigatious were carried cul !)y them at an 
altitude of <i3oo in from sea level. 

vSiniilar investigations were carried out at Calcutta by Sirkar and Ghosh 
(10,12) who used a set of anticounters above a threefold coincidence telescope 
and recorded the niiniber of anticoincidences with a lead absorber, first below 
the toi)niost coincidence counter and next above it. These observations 
were repeated with lead absorbers of different thicknesses placed above the 
anlicoineidence counters. It was observed by them that the number of 
neutral particles producing charged mesons in the lead absorber placed above 
the topmost coincidence counter was 21% of the number of Ihieefold 
coincidences. 

Janossy and Rochester (19/I3) carried out an investigation of similar 
nature but \\ ilh some differeiit arrangements of the anticoincidence counters 
and absorbers. They surrounded the whole coincidence counter 
lelescoi>c first with a large iiumbei of anticoincidence counters and then 
with lead plates so that no charged particle coming from any direction 
except from the bottom could reach the thicefold counter telescope without 
striking the anticounters. They [daced lead absorbers of different thicknesses 
upto 25 cm on the top of the anticounters jdaced above the threefold 
coincidence counter telescope and olxserved that the niimbor of anticoinci- 
dences produced wdlh a lead absorber placed above the topiiiO'.t coincidence 
counter increased by about .035% of the total threefold coincidences with 
the decrease in the thickness of the topmost lead absorber from 25 cm to 
5 cm. This eficcl was iiilcrpretcd to be due to production of charged mesons 
in tiic lead absorber by neutral particles which were probably neutrons. 

vSirkar and Bliattacharyya {1942, 1944) repealed the investigation 

reported by Sirkar and Ghosh (1942) for tw^o directions of the axis of the 
anticoincidence counter telescope, one vertical and another inclined at an 
angle of 30'’ to the vertical. They observed that the incicase in the number 
of anticoincidences with the shift of the lead absorber from its position below 
the topmost counter to that above it w^as about 14% of the threefold 
coincidences due to charged mesons for both the directions of the axis of the 
counter telescope. As the number of threefold coincidences is smaller for the 
inclined position of the counter telescope than that tor the vertical direction 
owing to the instability of the charged mesons, they concluded that the 
neutral particles producing charged mesons in the absorber are also unstable 
and have a life of the same order as that of the charged meson. 

'riie cloud chamber photographs of events in eachof which at least two 
charged particles were produced by a neutral particle was first reproduced by 
Rochester and Butler (1947). This observation was next confirmed by Serif! 
et al (1950) w ho obsesved a large number of such events. Since then Fretler 
(i95i)» Bridge and Annis (195^)^ Ireighton ct al (1951), Thomson ei al (1951) 
and many others have observed such V-particles. In the investigations in 
which cloud chambers are used it is difficult to get exact information 
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regarding the percentage of neutral particles which produce fork-shaped 
tracks of two charged particles, because such forks may be hidden in the 
large number of ionisation tracks which arc also produced in the chamber 
by other charged particles. So, only a counter technique used with 
suitable arrangement and necessary precautions may give us information 
regarding the percentage of the neutral particles. 

If we exam ne the counter technique used by previous workers foi the 
investigation of this problem it will be found that the arrangement used by 
Rossi and Regener (1941) is suitable for detecting events in which a 
neutral particle produces only a single charged particle or more than one 
such charged particle. The investigation was, however, carried out at an 
altitude of 4300 in. Of similar investigatio^is carried out at sea level those 
of Janossy and Rochester (1941) were made with great precaution to avoid 
spurious results. It can be seen, however, from the diagram of the 
arringement of counters used by them that as there were anticounters on 
all sides of the counter telescope any event in which a neutral particle 
produced two charged particles moving along two paths making an angle 
with each other was not recorded by them, because one of the particles was 
sure to hit one of the vertical anticounters. They, therefore, recorded only 
those events in which only one charged particle was produced by the neutral 
particle in the absorber and also those events in which two such charged 
particles produced by the neutral particle moved along tracks making only a 
small angle with each other. In the arrangement used by vSirkar and Ghosh 
(1912) and vSirkar and Bhattacharyya (1942, i 944 ) coincidence counters 
were not shielded by aiiticounter.'i and therefore all events in which a neutral 
particle produced two charged particles could be detected, but the b:ackground 
counts were too high and the number of counts was so small that the 
statistical error was also too high. It was, therefore, thought worth-while 
to repeat the investigation after taking precautions to avoid these defects 
and at the same time to record all events in each of which a neutral particle 
produces one or two charged mesons in a lead absorber. The results reported 
in the present paper have been obtained with a threefold coincidence counter 
telescope, with its topmost counter shielded comi'letely with anticounters. It 
will be seen from the following sections that with such an arrangement it has 
been possible to record the percentage of events in which a neutral particle 
produces in the absorber one or more charged mesons and to avoid spurious 
increase in the anticoincidences due to side showers and change in the 
position of the absorber. 


K X P K R 1 M E N T A L 

It has been mentioned above that the main source of error, namely, 
that the due to side showers cannot be avoided in tliis type of investigation 
jtimply by shielding completely the whole anticoincidence counter telescope 
with anlicounters, because such a complete shielding prevents tlie detection 
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of two chained particles produced by the V° particle. Attempt was, 
therefore, made to find out tie effecl of shielding only the topmost 
counter of threefold coincidence counter telcscoi)e almost completely as 
shown in figure i in which each hol'ovv circle indicates section of a coincidence 



h'u;. I 


counter and that filled with a cross an anticoincidence counter. It is evident 
that in such an arrangement of the counters the probability of side showers 
striking all the three coincidence counters C., and (’3 simultaneously 

without striking any of the anticountcrj^ A is negligible. It was found that 
when the absorber .Sm was just beneath C\ the number of anticoincidences 
per hour recoided with the anticounters only covering the solid angle POQ 
above i\ was almost twice the number of anticoincidences per hour recorded 
with the arrangement in which L\ was almost completely shielded. Hence 
the investigation reported by vSirkar and Ghosh (1942) was repeated with 
this modified arrangement of counters with the topmost coincidence counter 
C’l almost completely shielded witli anlicouiiters A, 

The counteis i\ and C'-j were each of diameter about 6 cm and length 
II. 5 cm. System consisted of three counters, each 3.5 cm in diameter and 
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Fig. 2 

Photograph of the experimental arrangement 
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23 cm long, The aiiticounters A were of similar dimensions and they 
were nineteen in number. The distances between A and and C2 and 

G were each 30 cm and the distance between C\ and C\ was 60 cm. I'lie 
absorb-rs and .S., were lead plates of thicknesses 5 cm and 10 cm 
respectively. .S3 was t)laced peninnently between T. and (\. riiickness of 
lead plates Si was changed from 2.5 cm to 13.5 cm and finally iion plates 
10 cm thick w^cie placed on 13.5 cm of lead. 

All the counters were filled with a mixtuie of argon and i)etroleiim 
ether (B.P. 45-60 '"Cj in the ratio 5 : r. The elficieiicy of all the 
anticoincidence counters was tested and found to be 09%. The circuits 
for the stabilised high voltage and amplifier were the same as those used 
by Sirkar and Bhattacharyya (1944). 

It was observed by Rusk and Resenbaum (1949) that in an arrangement 
of four horizontal counters placed in a vertical array with the second counter 
from top acting as an aiiticounter the number of aiilicoiticidciices increases 
when an absorber placed between the anticouiitcr and the coincidence 
counter below it is raised from its position just above the latter counter to 
one just below the anticounter. This increase was explained to be due to 
shielding of the coincidence counter by the absorber in it^ lower position 
against side showers and absence of such a shielding in the higher [losition. 
In order to find out and eliminate .si)urious anticoincidence counts due to 
such an effect in the present investigation the number of aiilicoincidence 
counts with S2 below (.’i was recorded for two positions of .So, one just above 
C.2 and the other iS'^f just below C\, which was about 25 eiii above the former 
position. It was observed that the number of anticoincidences increased 
with such a shift of .Sa, but when S. was placed just above C'l the number 
of anticoincidences increased further. These observations were rciieated 
to obtain three sets of readings of anticoincidences for each of the three 
positions S2, and .S/ of the absorber. 

In order to find out whether the difference in the anticoincidences for 
the two positions S/ and of the absorber was due to production of charged 
mesons by neutral particles in the absorber, the anticoincidences were 
recorded with different thicknesses of the absorber placed above 
the anticounters filling up the solid angle Pi-)Q subtended by the threefold 
coincidence counter system. 

In order to find out accurately the values of the counts per hour as well 
as the standard deviation readings for five runs each lasting for 96 hours were 
taken for each disposition of the absorber S3 and standard deviation S was 
calculated from the formula 

n — I 

where n is the number of runs, a — a is the deviation from arithiiiatic mean. 

A photograph of the experimental arrangement is shown in figure 2 
4— 1852P ' 4 
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R K S TT I, T S AND DISCUSSION 

Tlic number of anticoincidences recorded with three positions S/, 
and S2 of the absorber S2 and 2.5 cm thick lead plate as Si are given in 
'J'ai)les 1, II and III. The number of anticoincidenc es recoided with 5 cm 
thick lead plate used as S2 and different thicknesses of lead and iron as S, are 
given in Table IV. 


Table I 


vSt rial no. 

Disposition uf 1 

Time in 

Number of anti- 


.9=-- :i{x-x)^ 

11— T 

of runs 

absci! hers 1 

1 

hrs. 

coincidences N 



. 9 , .V, .9, '.S'/' .9;, 

2.5111151111 0 L 10 cm 

y6 

28 

-.02 


2 

M l» »f •> »l 

> > 


0 


3 

n i» n ft If 


2Q 

— 01 

± 018 

A 

It if If II •! 

• > 

30 

0 


5 

ft If It II If 

ft 

33 

+ 03 



Anticoincidence coiintn per hour = 3121 ± .018 

Table 11 


vSerial no. 
of rnii.s 

Di.sposilioii of 
absorbers 

Time in 
hour.s 

Number of anti- 
coincidi^nccs 

x-x 

* 

1 

S = -l~ 
n- 1 

I 






I 

2 5 cm 0 5 cm 0 10 cm 

96 

23 

-.Cl 05 


2 

fi If II II II 

II 

25 

+ . 010 


3 

If II II !• II 

- 

25 

+ . OTO 

±.or 

4 

I* If »l II 11 

1 ft 

25 

+ . 010 


5 

II ll 1 I II 11 

1 

1 ** 

24 

004 



Anticoincidence counts per hour .254 ± .01 


Table III 


Serial no. 
of runs 

Disposition of 
absorbers 

Time in 
hrs 

Number of anti- 
coincidences 

\ x — x 1 

1 

X 

S, S, S/ 5 ," 53 

a.5 cm 005 cm 10 cm 

96 

18 

139 


2 

>1 If If ft ll 

96 

IQ 

-•OTiSS 

±.016 

3 

II It If >1 •! 

96 

21 

+ .0173 



Anticoincidence counts per hour =.2014 ±.0x6 
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Tabi.e IV 


Serial 110 of 
runs 

Disposition ('f 
absorbers 

i 

1 

! 

1 

I line ill j 
lirs I 

Numberof anti- 
coincidence 

■ 



5 , Si Si'S/ 

5, 


1 



1 

13.5011150111 0 0 

Pb-flo 
cm Fe 

10 cm 

96 

25 

+ .01 

±•01 

2 

,, 1. 

»» 

(;6 

24 

0 


3 

»» 11 It 11 

It 

(/) 

23 

— .01 



Anticoincidence counts pet hour = .254- 01 


The number pf threefold coincidence counts observed with 5,, 5^ and 
►S3 respectively equal to 2 5 cm, 5 cm and 10 ern of lead was 14.51.5 

It can be seen from Tables II and 111 that as the absorber S>/ is raised 
to the position S2' still remaining between the cuunters C, and C2 the 
number of anticoincidence counts increases from .201 to .254 per hour, and 
this increase is significant. It can be pointed out here that even if the total 
number of anticoincidence counts N in 480 hours of observation is taken into 

consideration and the standard error is taken as ±.68 v' iV/480, its value is 
found to l)e ±.016. If again is raised to the position above Ci the 
number of anticoincidences increases still further to the value .3121.018 
and this increase of .0581.02 counts per hour is again significant. Ihe 
former increase observed with the shift of the absorber from to .S'a supports 
the conclusion arrived at by Rusk and Rosenbaum (194^}) that at the 
absorber shields the* counter C2 against side showers, but it docs not do so 
when it is raised to the position S/ just below 61- When, however, the 
absorber is raised above Ci to the |)osilion S2 no removal of shielding of any 
of the coincidence counters can take place. On the contrary, the counter C\ 
may be shielded against electrons in side showers moving in inclined 
directions. However, neglecting ^uch shielding of c , in view of the fact 
that the anticoincidence conn ter-, already shield it effectively it can be 
concluded that tlic increase in the number of aiiiicuincidcnce counts which 
takes place with the shift of the absorber from SJ to S2 is due to production 
of charged mesons in S2 by some iieutial particles. Ihe data given in 
Table IV support this view. It is observed that when the topmost absorber 
Si consists of lead plates 13.5 cm thick covered with iron plates 10 cm thick 
the number of anticoincideiics counts is only .251.01 per hour while this 

number incre*ases to .312 1 .018 when Si consists of a lead plate only 2 5 cm 

thick. Thus this diminution in the thickness of S, produces the same effect 
as the shift of the absorber S./' to the position S*. There may be uncertainty 
regarding the cause of the increase in the number of anticoincidences 
produced by the shift of Sa' to S^, but the only reason for the diminution 
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of the miinhcr of anticoincidences witli the increase in the thickness of 5 i 
is the absorption in .S’l of the neutral particles which produced the charged 
mesons in S.. This ditniiuition cannot he explained by any alternative 
hypothesis. TJiis was pointed out also by Rossi Regener (1940) who 
concluded from the results of such investigations carried out by them on 
Mount I{vans (4300 111 j that the absorption of the neutral particles producing 
charged mesons was shown clearly by the diminution of the number of 
anticoincidences with increase 111 the thickness of the topmost absorber. 

The increase in anticoincidence counts with the diminution of the 
thickness of the absorber .Sj from 2 \ cm to ;’.5 cm is 0.4% of the threefold 
coincidence counts. These results do not agree with those reported by 
Janossy and Rochester (1942) who obscived an increase of 0.035% the 
total threefold coincidence counts with similar diminution of the thickness 
of the absorber placed above the topmost anticoincidence counters. This 
discrepancy is due to the fact that in the arrangement used by Janossy and 
Rochester (1942) the threefold coincidence counter telescope was surrounded 
on all sides except at the bottom by anticoincidence counters and any 
event in which the neutral particle produced two charged mesons moving 
in directions making large angles wdtli each other was not recorded in 
their arrangement. As revealed by cloud chamber photographs (Rochester 
atd Butler, 1947) events occur in which a neutral particle produces two 
charged particles moving in widely different directions. The discrepancy 
between results reported in the present investigation and those reported by 
Janossy and Rochester iigiz) show’s that whenever a neutral particle i)roduces 
charged mesons, at least two charged mesons are produced in most of these 
events. Only those events in which the charged mesons produced by the 
neutral particle moved almost vertically downwards were recorded by 
Janossy and Rochester (1942). 

If w’C compare the results of the present investigation wdth those obtained 
by Rossi and Regener (1940) on Mount Kvaiis it is found that at an altitude 
of 4300111 they found the number of the neutral particles to be only .31% 
of the total number of charged mesons at that altitude. In the present 
investigation this iiumbci is .4% of the lota 1 number of charged mesons at 
sea level. If the luimber of charged mesons on Mount Kvaus is assumed to be 
2.3 times that at sea level as done by Janossy and Rochester, the ratio of 
the total number of neutral mesons at sea level and that on Mount Evans 
= 0.56. 

The value of this ratio calculated by Janossy and Rochester (1941) from 
the results obtained by them is i : 40. As pointed out above such a low 
value of the ratio w^as obtained by them only because they did not record 
most of the ew ents in wdiich a neutral particle produced two charged mesons 
moving in widely different directions. It is, however, surprising that 
although the absorption of the neutral particles in lead is much larger than 
that of charged mesons as found by Rossi and Regener (1940) and all other 
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previous workers wlio investigated this problem the numi)er of the neuiral 
particles is reduced at sea level to only about half its value at Mount Mvans. 
This fact indicates that probably such neutral particles aie being produced 
in the atmosphere by some unknown process and the diminution in their 
nuiiil cr in traversin^> the atniosphere is coinpeiisalcd for hy increase clue (o 
prodi ction of such particles by a different process. 

It may be pointed out here that if the results leporied by Sirkar and 
Bhattacharyya (1944) be examined it is found that the difference between 
the numbers of anticoincidences observed respectively with 5 cm and 30 cm 
of lead above the aiiticouulers (\ is .17 + .087 and this difference is just 
significant. If this difference is assumed to be due to total absorption 
of the neutral particles in the load absorber^ 30 cm thick, the number of 
neutral particles is found to lie about .8% of the total number of mesons 
observed with the same ariangeiiient. As shown by Rossi and Rcgener 
(1940) a fraction of these anticoincidence counts is due to side showers which 
could be detected by them by putting two anticounters FF on both sides 
of the counter D in their arrangement This fraction due to side showers 
wnll be larger lor larger number of the background counts. In the case of 
Rossi and Regeiier’s arrangement the fraction was about .3. In the 
arrangement used by vSirkar and Hhattacharyya it might have a little larger 
value, but this fraction docs not affect seriously the diminution of the inimbcr 
of aiiticounts which take place with the increase of thickness of the absorber 
placed above the anticounters. So the corrected value of the percentage of 
neutral particles obscivecl by vSirkar and Bhattacharyya comes out to be 
almost the same as that observed in the present investigation. The results 
of all these investigations show, however, that the increase in the number of 
anticoincidences observed with the shift of the absorber S2 from a position 
much below the topmo'^t coincidence coiintei to a position above it is not 
wholly due to production of charged mesons by neutral particles in the 
absorber in its latter position. Hut the results of the present investigation 
show that if the absorber is shifted from a position just below the topmost 
coincidence counter to a position above it the si)urious results can be 
avoided. 
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ON THE VALIDITY OF SEMI-EMPIRICAL ATOMIC 
MASS-FORMULA IN THE REGION OF 
RARE-EARTH NUCLIDES 

By G. P. DUBK and LAL SAHEB vSINGH 

ilEfAKTMENI OF FhYSU'S, PaTNA UkivkksITV, PaTNA-S 
{R cccivcd for publication^ Fcbtaaty 3, 

ABSTRACT.- Tt has 1)cen sh-wn in the pre.sent per that the Fermi’s seini-empirica! 
atomic tiiass-fonnnia is, mite iiiadc.iuate for II, ecleuhl on of alphn-deeay energy hi the 

region of rare-earths. The calculated alpha decay energy is much lower an 1 even negative 
in several cases while the oh, served one ranges from i M. v to 4 Mev nearlv A suitable 
correction term has been added to the I’ermi’s mas.s-formiila in the rare-earth region on 
the basis of Duckworth’s new atomic mas.s-data. With the intioductioii of the correction- 
term the calculated alpha-disintegration energy is in agreement with the observed results. 


introduction 

The reliable determination of alpha-decay energy has gained much 
importance since the discovery of a number of shoit-lived alpha-emitters in 
the rare-earth region with lialf-lives ranging from a few minutes to a few 
days and alpha-disintegration energy in the range 2 Mev to 4.2 Mev 
(Thompson, Ghiorso et. al, 1940: Weaver, 1950; Rasmusssen, 1950; 
Rasmussen and I'hompson and Ghiorso, 1953) The problem of alpha-activity 
in these lighter elements has been considered at various times. But the 
alpha-decay isotopes of elements below ^=83 has not been reported prior 
to 1949 (Thomson, Ghiorso, 1949) excepting the natural alpha-emitter 
samarium (Z=62) discovered by Havesy and Pahl (1912). Methods 
of studying and predicting the properties of radioactive nuclei 
in the heavy uuclide-regiou have been discussed by Perlman, Ghiorso 
and Seaberg (1950) in their paper ou systematics of alpha-activity. 

The exact knowledge of atomic masses has been extremely useful for 
a clear understanding of many nuclear problems. Unfortunately, atomic 
masses are not known to a sufficient degree of accuracy, the error in mass 
spectroscopic measurements being of the order of 5 in 10’ or about ,01 M. U., 
i. e., 10 Mev. As such these data are not of much help in understanding 
the decay properties of radioactive nuclei. 

Several attempts have been made during the last few years to establish 
a suitable semi-empirical mass-formula for the estimation of atomic masses 
when the experimental data are not available. The semi-empirical formula 
developed by Feenberg (1947) and Bohr and Wheeler (1939) has been extremely 
useful. But for the estimation of alpha-decay energy the Fermi- Weizsacker 
formula with the empirical corrcclion-terni added by Stern (1949) has been 
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lielpliil in the region of heavy elements. It has been shown by Jlia and Dube 
(ig5o) that in rare-eaiths the agreement between the observed and calculated 
alpha-decay energy f/vd from Fermi-Weizsacker formula is far from being 
iratisfactory. The failure of the formula in this region, like the region of 
heavy elements is to be atiribuled to the absence of a suitable correction-term 
similar to the one proposed by Stern for heavy elements. 

It has been shown here that the Fermi’s semi-empirical mass- 
formula Fermi, 1951) with a sui;able correction term which is a 
function of both A and / gives reliable estimates of alpha-decay energy in 
the raie-eaith region, 'the corrcclioii-tcrni has been determined with the 
help of Duckworth’s new atomic masses in the raie-earths. 


C A Iv r b ^ T I O N () V A b P H A - 1) I S I N T K n RATION 

N 1^ R <; Y : Ha : 

Coiisideiiiig an al| ha-einitler of atomic ma^■s i\7 (/,/!) and the daughlci 
atom of mass M(Z“2, A-/]), the alpha-decay energy Ea is given by 

= ... (1) 

where 00391. 

According to Fermi’s mass-formula 

( Z , . 1 ) = ( ) . 99 39 1 J - o . ( )u 08 5 / + o . o 1 4 /I + o . o 8 3 ' ' — -~- 


-t- 0.00062 7Z^//i 4 - 8(/1 ,Z) 


where S(A,/)=o for A odd, Z anything. 

= +0.036^’'*^' for A even, Z 
substituting (2) in (i) E„ in Mcv. is given !)y 


even 

odd 


(2) 


E„= - 27. 9072S+ 13.03610 -77.28545^4 — 

A [A — 4 ] 

+ Z-2)} ... (3) 

The last term in (3) is zero for A odd, Z anything and 
= ±33 52140 X {(A -4)-'^' - } for A even, Z | 

V 

A number of alpha-emitters are known in the rare-earth region and they 
are identified to be the nuclides of Tb^^®, Dy* Sm**^ and 

Ho**’' and possibly Ho*‘''\ Dy***, Tb*^’*’'*® (Thompson, 1949 ; Rasmussen, 
195U ; Hoff, 1950 ; Rasmussen, Thomson & Ghiorso, 1953b The formula 
(3) has been uscvl for the calculation of Ea in the isotopes of rare-earths from 
Z*»6o to Z = 67 and the results are given in Table I. 
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Tabuk I 

Alpha-activity in the rare-earth region. 


Nuclides 

Half-life 

C)bserved 

Ea X~p ^ 

A ~4 

Calculated 

E„ 

Difference 
ft a ob^. 

-/i, ral. 

E^ Calculated 
with the 
coi rection- 
terni. 

,„Nd'« 


...<2 Mev.* 

—0.67 Mev. 

<2.67 

1.02 Mev. 




—0.211 


1 1.638 

Pni'<’ 


J- 57 ^‘ 

i -o.6ai 

2 171 

1.320 


10^ to 10® yrs. 

< 2 - 4 ^' 

4-0.271 

<2.13 

2.194 

Sm"» 


2.18 

+0.077 

2.103 

1.988 



<2 

— 0.140 

<2 24 

1.760 




— 0.751 



I 090 

eiRu'*'' 





-*-■754 



a.734 

Kn'R 

10’® yrs. 

2.87 

i +-730 

2 J4 

2 670 

PqU8 



+ .717 


2.637 




+ .695 


2.5Q3 

MGdK' 

735 yr-^- 

s.ifil 

1.043 

2.137 

3.101 


735 yts. 

3 i 81 

1 071 

2.109 

3.068 

GdJ 49 

4 X ru 3 yrs. 

3.0S 

0997 

2 083 

3.034 

Gd^w 

wio® yrs. 

2.77! 

0975 

1.795 

3.001 

6«TbU^ 

7m 

4 - 3 it 

1.687 

2.623 

3.807 


4.1 hrs 

4-05 

1-598 

2.452 

3.707 

Tb^M 

19.0 hrs 

3 - 53 t 

r.419 

2. Ill 

3.519 

Tb»«* 

19.0 hrs 

3 - 53 t 

’ 1.250 

2 28 

3 280 

^ 155 







7 m 

4 - 3 »l 

2.190 

2.12 

4 355 

eeDy'®® 

iQni 

4.iif 

2.033 

2.277 

4.20s 

Dy»si 

7.3 hrs 

3-891 

1.863 

2.247 

4.023 

DylW 

2.3 hrs 

3 . 69 t ... 

1.70 

I 99 

3.888 




1. 531 


3.729 

xfjr 



2.55 


4.79 

Q 7 nu 

Ho>“ 

4m 

4-31 ! 

2.425 

1.885 

4.660 

HolM 




2.179 


1 4.394 


Ncte : Values are estimates ; for 1 values masses have been tentatively assigned, 

s— iSsar— 4 
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It deal fioin llie table that the agrcenieMit between the observed and 
calculated values is iar iioiu being satisfactory although the general trend of 
increase in /'i,. with the clecre.i'.e in inass-iraniber is reproduced here 
also like the heavy imclicle>region (Dube and Singh, 1954)* The 
calculated values are very low and even negative in several cases which 
definitely establishes tlie inadequacy of the senii-ein[)irical formula. The 
einihrical correction-term added i\y Stern (1919) to Fcrmi-Weizsacker formula 
which was applicalde to A 20S is of no heli) in rare-earth region. The 
failure ol Fermi’s formula may be attributed to the absence of a suitable 
correction-term in this region. 

Recent inass-ineasiirenients liy Duckworth et al (1Q51) and their com- 
parison with the estimated masses have helped to dcterniine a correction-term 
which fits ill well with the experinieutal results. The calculated masses 
have been compared with the observed ones in Table I i for Z = 74, 72, 60, 
5S, 56 and 52. The difl’erencc A ni lietweeii (he calculated and observed masses 
ranges from .0116 to .017.'^ mass units in the region 126^ A 


'fAHU-: II 

Calculated atomic masses conqiaied with Duck worth’s experimental data. 


Nn< lidcs 

1 

1 

1 ('all'll 

1 

\t<)i!iii‘ i.:ass 
• *I)s(rvi*d 

1 lillirciicr 

Ma^s cah'idated 
with Correction- 
lirni 

1 

74 VV‘^‘ 

nSi.()iS5 

18^0052 f .0011 


184 0019 


183.0175 

183.0059! .0013 

0316 

183.0030 

\\rm 

182.(^53 

182.0033 4-. f >011 

.0120 

182 r'u2() 

1 

1 78 


.016 J 

177-9943 

I 

\ iy 6. oo 66 

1 

^75 9923 + . )ni I 

.0143 

17 .S 9945 

6 oNd> 4 ^ 1 

1 

143 t A) 1 

^ 43 -9560+ 0008 

.0134 

M 3 9591 



MI 9537 ±-^'909 


14 1 9544 


137.0671 

137.9498+ coog 

•^^173 

1 1379502 

nn '37 i 

j i. 3 ^- 9^"53 

136 9.S02 + .CO 10 

0151 

i 3695 t >.5 


1 135-9(^.37 

135-9488! .<H»IO 

0149 

1 

1 1359507 

1 


1 129.9626 

1 29. 9467 + .0009 

fU5C) 

I 29.0436 


1 127.9607 

127 (;47i 4 :.ooio 

0136 

1279450 


1 125.9573 

1 

125.9427+ .0010 

.0146 

j 1259449 


From the isotopes of W, Hf, Ba and Te it is observed that Am decreases 
with the deciease of A but increases with the decrease of Z. The dependence 
of correction-term on A only like the Stern’s one cannot be regarded as 
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satisfactory. The empirical correction-term which is a function of hotli /I 
and Z is given by, 

Am=^o.oi85-2{/v/l''^~/r M. U. ... ... (4) 

where K =0.0002 and /C' = 0.00014. The masses calculated with this correction- 
term have been shown in Table II, the diflercnce from the observed ones 
ranges from --.0021 to ’^.0033 M. IT. for 126^ 

Calculation of Ej, until the c onection-tenn. 

With the application of the above corivctioii-term in the FermTs mass- 
formula, the calculated values of E^ arc changed considerably. The correction- 
term to Ea is given by 

where /\ 1 = 0.26072 and A"2~o. 372^6. The last column of Table I contains 
the estimated values of alpha-decay energy with this correction-lenii i. e, 
Ea+^Ea- 


JUSCUvSvSION ()!• TIIK R K S U 1/ T S 

In the rcgi(;n of rare-earth nuclides the estimated E« with the correctioii- 
terin is in good agreement with the observed data. For vSiiF'^^ the estimated 
value IS r. 98s Mev vvliile the observed one is 2.18 IMev. For other isotopes 
of sainarium .such as and Sin' the e'>tiinated values are 1.76 and 1.09 

Mev respectively and thus tlicy will have Iirdf-live.s of the order of to^‘ or lo^'' 
yeais and iience will behave as stable nuclei. Thu.s the inevitable conclusion 
is that llie natural ali)ha-activity of samariiini vsliould be definitely assigned 
to Sin as has been shown experimentally by Weaver and oliiers. (1950). 
The estimated value for Sin““ is 2.19 Mev and, therefore, a ])arl of tlie 
natural alpha-activity of samarium may as well be assigned to Sm'**'. The 
prevailing notion that it does not o^cur in nature may be due to the fact 
that the quantity in which it is is such that it lias not Ikcm j)ossible 

to delect it by the present experimental technique. 

The estimated values in the case of Tld^“*'‘'‘b Dy^'^S Ho*’”', lie betv\eeii 
3 5 to 4 4 Mev. This fully suppoils tlie view that they should be shuit-lived 
alpha-emitters. The 3.44 Mev alpha-activity has been tentatively assigned 
loTb^''^, though the fiossibility of Tb'*’® has not been ruled out (Rasmussen 
Thomson and Cihioi so, 1953)* The estimated values for Tb’*'^ and 
respectively are 3.28 Mev and 3.52 Mev which are in agreement with the 
observed data. In case of dysprosium isotofies the three alidia emitters 
with decay-energies 4. 21 Mev, 4.06 Mev and 3.61 Mev have been found out 
and the masses lie within the limits 149 to 153 (Rasmussen riiomson and 
Ghiorso, 1953)- These results are in numerical agreeiiieiit with the calculated 
values of Ea due to Dy*’^, Dy^‘‘ and Dy^”* rc.spectively {E„ cal. being 4.20 
Mev, 4.02 Mev and 3.73 Mev respectively). 
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The probable inass-assignitient of 3.1 Mev alpha-activity (halMife greater 
than 35 yrs) has been indicated to Gd“* although the possibility of an 
assignment to Gd'^' is not too init)robable (Rasmussen Thomson and Ghiorso, 
1953)- calculated in the two cases are 3.068 Mev and 3.T01 Mev respective- 
ly. vSimilarly 3.0 Mev alpha-activity which has been definitely attributed 
to Gd’^* fully tallies with our calculated one which comes to 3. 034 Mev 
For Ho' ’’ which is definitely known to be alpha-emitter with 4.2 Mev energy, 
the alpha-disintegration energy is estimated to be 4.66 Mev. 

Ku'” has been shown to be an alpha-emitter with a reported alpha-decay 
energy of 2.8 Mev (Rasmussen, Thomson and Ghiorso, 1953) which is in fair 
agreement with if „ cal (2.67 Mev). No detectable alpha-activity has been 
found out with the present exiierimental technique in cases of Ku"'\ Eu***, 
Ku'*". Our calculations show that if they are alpha-emitters, their alpha- 
disintegration energy shuld be 2.734, 2.637 Mev and 2.593 Mev 
respectively. 

Thus it is definitely established that Fermi’s semi-empirical atomic 
mass-fomula is completely inadequate in the study of decay -properties of 
radioactive miciei in the rare earths. The importance of our correction-term 
has been shov\n by the agreement of our calculated alpha-decay energies 
with the ex[>erimental data. 
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A NEW ELECTRODYNAMIC METHOD OF MEASURING 

MAGNETIC FIELDS 

By S. K. Dim ' a BOV 

DKPARTMKNT ok GKM.RAL rUYSlCS, X*k'\VS \M) MA<iNittrSM, TnDKV AsSOtTMlON KoR THU 

Cultivation ok Sciknck, CALict’TTA-;>2. 

{Received for pitblicaiivn. Match 3 , 195 ./) 

Plate V 

ABSTRACT. A mw clootrr.rlMiamic iiicth.Mi has be( n (Wv('l')pf<l for Uie nicasureni lit 
of niR^netic fklds. The new meth yl is based upon tlic ineasiirement of the iiiaxitnuni 
Duple exerted upon a small ciirrcnt-hcai ing coil suitabb suspended with a Hih' tor.Moii 
libre in the magnetic field The nictbod. is very simple, quick and with reasonable 
precautii/us givc^- an absolute field ac(‘urnc\ of the ‘■anie order a.s standard ballistic 01 
electrndynarnic methods In this paper the details ot the method are de^eiibed and results 
of several field values are compared with those from search coil and civstal methods. 


1 N '1' K f ) I ) V C '1' 1 t ) N 

fn a few recent papers Bose aiul Mitra (unpublished) have found tliat tlic 
anisotropies of the paiaiiiagnetic ioti> Cu‘ ' and Ni change fioin salt to salt 
in the isoinorphons 'rufton series appioxiinalely in accordance with alkali 
cation radius. These ohrervatioiis have been attrihiited mainly to the 

variation ol the long range asyimncttic cry. slalline electiic fields Idiiect and 

indirect) from salt to salt. Since the observed changes in the anisotropies 
are small and their accuracy depends to a large extent on the loom tempera- 
ture values measured by Krislman et aHic),;3-3S) necessary at this stage 
to check and improve upon tl'.esc earlier values. The method of measuie 
ment of magnetic anisotropy of single crystals, of which details need not he 
given, depends upon the measurement of the maximum couple ex^ed ui.oii 
a crystal suspended vertically in a homogeneous horizontal magiulic fie c ^ . 
will. « fi,K. ou,,!. fibre from » (orfioi. l.ca.I. fbe »niso..0|.y A* the 
horizontal plane is given by the general equation 

c{e-^) - sin 2 <t 

M 

where .« is the mass of ihe crystal. M its molecular weight, "^e field 
,tr.ugth.clhetorsioucoustanlof the fibre,# the torsion angle of Ihe fibre 
and ♦ the angle which the direction of the maninmn. srisceptibd.ty of the 
crystal in the horizontal plane makes with the field directimi. 

In pursuance of our present programme of improvmg the eccurmry o 
mrisotropy measuremeuls to o..% «r better, the accurate detertmn.tton of 
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tilt* toisioii constant c v\as uiKkrtakeii \)y Datta (1053). the square 

of Ihe nia^iiietie field conies in the equation, it is also nccesoary to determine 
tills with a high dL\ni ce of aecuraev. The valuer of the field by the earlier 
workers in this labnratury were obtained by the usual search coil niethed of which 
tlie accuracy was not inobably more than about i to i%. A ciystal itself 
may be used for siniple and (juick field me isui ciiient provided its anisotropy 
has been measured in a well staiidaidised field Later on, it lias been the 
piaclice in this laboratory to use foi this purpose a ciystal standardised by 
the ballistic method and ( hecked by the flouy method using NiCL solution. 
A crystal gaussiiieter has been devised by Dnpony (1051) following the same 
prmci[)le. But evidently, the accuiacy ul the crystal method depends 
ultimately on that ot t .e primary method used flic bismuth si>iral 
method (Bates, tliough sometimes convenient is also a secondary 

method of only model ale accuracy. Methods dependent on the rotating 
search coil, Zeeman efleet, fi-ray spectromeliy, proton resonance, etc. 
(Bales, loc. though ol great accuracy, are not available to eveiy 

laboratory and arc suitable only for specialised ]»ui poses. Absolute (dectro* 
dynamic methods, deiieiiding iqurn the measurement of translational force 
upon a current-bearing condiiclor placed in the magnetic held, have been 
developed by Cotton, Piccard and Devaud (1032) and by Briggs and Harper 
(1936) and though the accuracy claimed are as high as .02 to .1 i)er cent, 
the arrangements aie rather cumbious and cannot be used foi exploiation of 
fields. Klopstcg (1913) has utilised the ilanipiiig of a galvancnietLr cuil 
susi>ended in a magnetic field io measure it. But tlic method though 111- 
geneous cannot claim an accuracy of more tlian 1 or 2%. 

Jt occurred to us to use Klopsteg’s experimental system in a iiiaiiner 
exactly analogous to our crystal aiiisotiopy iiielhod for measuring the 
magnetic field. The method is s mple, quick and with le isunable piecuitions 
capable of giving an absolute field accaiacy of the '-auie order as standard 
ballistic (1939) or clcctrodyiianiic methods. 

r II H 0 K Y 

Por a coil of 11 turns and mean eflcctive area A, carrying a cuireut i 
suspended in a homogeneous iiiagiietic field // with a fibre of small torsion 
constant c, the equilibrium condition at the angle (p which the normal to the 
plane of the coil makes with the direction of the field, is given by 

c( 0 -’(fi) = niAH sin ... (2) 

where 0 is the torsion angle of the fibre. 

Starting with the plane of the coil at right angles to the field and no 
torque on the fibre, 0 **o‘' and 6 ^ — 0®, if the fibre is gradually twisted 
the plane of the coil will follow but through a smaller angle until the 
position of maximum couple due to field (0 = 30®) is reached, For ^ very 
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large compared to 0 this is also an unstable ecjuihbrium position of tlie coil, 
which will now sharply spin loniid with the slightest increase of the torsion 
angle or willi little distni bance. In this critical positic^n which can be 
accurately maiked 

»/!/ 

from which the field can be accurately measured. This is an exact electro- 
dynamic analogue of the crystal method so long used by us. For small 
valuci5 of , a correction might be made as obtflined from the condition of 
instability in eqn (21, thus 

yy_ ^ ... 

a A i cos 

w liere sin fr= - i- 
iWAlI 

But the procedure is tlien not capable of high accuracy. As we could not 
procure very fine phosphor-binn/e strips or melal-coalcd quartz fibre for 
susi)cnsion of the coil, we had to use fine silver strips, which did not stand 
large torsions v\ ithout slight yielding, and so our ciitical angle s of toision 
could not be made large. Hence in practi('e the above method could not l)e 
used imofitably. 

A slightly diflerenl ])iocedure, avoiding the correction factor, was to find 
tlie maximum couple in the field hy adopting a null method w’hich tliough 
somewhat more elabo; ate 1'^ pari ic ularjy suitable for small angles of torsion 
and has one obvious practical advantage over the previous method, that the 
final observation here is for a static i)osition. The coil is placed in the 
maximum torque position in the field, wdth no torsion on the fibie in tlie 
absence of the field (i.e. 0 = 90^’, 6/ = o‘\b The field is put on and tlie ct)il is 
deflected, when it is Iirought back to tlic original position by twisting the 
fihie. The simpler equation 

yy= ‘/'"’Y- ... {5) 

niA 

then holds for any value of the inaxiinum angle of toision. 

V R K J' A R A T I ( ) N O V T H Iv C n I L 

The preparation of the coil is the most imprrtant part in tlie construction 
of the apparatus. Very great care is iiccejisary in selecting the mateiial of 
the former, on which the coil is wound. Kbonite samples had to be rejected 
as most of them showed a stray tendency of setting in the magnetic field 
possibly owu’ng to ferromagnetic impurities. Several kinds of insulating 
paper samples also were rejected for the same reason. Very thin- walled 
(about o. I mm) py rex tube of about 1.5 to i cm. diameter and of the same 
length was found to be very suitable for the purpose and in a field of about 
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5000 gauss showed 110 selling tendency. The lonncr was thoroughly cleaned 
and tiien coated with sijecially i>iejjared shellac varnish, One layer of fine 
double siik-coveicd copper v\iic was closely and accurately wound on the 
former mounted on a small jeweller’s lathe, keeping a constant tension on 
the wire. Tlie coil was soaked with thin shellac varnish and dried several 
limes and finally baked for several hours in an air-oven below ioo®C. The 
first and last windings were fixed firmly with Diirofix cement. Procautions 
w’cre taken to avoid dust as far as possible during these jirocedures. The 
two free ends of the coppei wiie passed thro' gh short lengths of fine pyrex 
capillaiy lubes, attached diametrically at tlie opposite sides of the siiool 
with pure shellac or Dnrofix cement. After this it was again checked for any 
setting tendency due to po.^sible jmi>urilies in the wire and shellac varnish. 
vSeveral coils were prepaied some of about i c ii. diameter and some 1.5 cms. 
The smaller ones were wound with bo s.w.g. and the larger ones with 44 s.w.g. 
wile. Two very light small triangular mirrors prepared from microscope 
cover slii)S were attached at right angles to each other on the top of the 
eoil, axially to the suspension filire. 

S TT S !• le N S I 0 N vS Y S T K M 

Tile entile suspended rotating coil system is shown in Plate V. The 
suspension fibre was a fine silver wire .001 mm. diameter and about 40 cms. 
Itmg. With fine iihosphor bionze or metal -coated quartz fibre the results 
can be easily improved. The silver wire was carefully selected to avoid kinks 
or non-uiiiforinities, and allowed to hang under a sufficient load and heated by 
an electric current to dull led heal to make it straight otherwise serious 
uncertainties in the results might occur. One end of the fibre is soldered, 
using a microjet and specially prepared tin solder and diamagnetic resin 
flux, axially to the adjustable brass pin of a torsion head, with a vernier 
reading to i/io of a degree and an insulating ebonite knob for turning. 
The free end of the torsion fibre was soldered to the upper terminal of the 
coil and a silver helical spring of very small torsion constant to the low'er 
leiminal. To prevent draughts disturbing the system, it was enclosed in a 
glass tube, with plane front and back windows for viewing the reflecting 
mirror. The free spring end was soldered to the adjustable brass pin of 
another smad torsion head, with an ebonite tinning knob, fitted to the lower 
end of the enclosing glass tube. Ihc two torsion heads and the entire 
suspension system were made coaxial with the greatest precaution. Special 
care was taken to see that the plane of the coil was vertical and the suspension 
fibre along the central vertical diameter of the coil. 

IM O T) K o r M E A S U R K IVT K N T 

(ij Measurement of Radius' 

The coil radius was ascertained very accurately with the help of a com- 
parator reading to i/ioooniin. At a particular jioint on the axis of the 
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PLATE V 



Fig. 1. 

Photograph of the experimental arrangement 


a, Torsion head 
b* Ebonite turning knob 

c. Torsion fibre 

d. Coil 

e. Mirror 


f. Spring 

g. Clamp 

h. Lower torsion head 

m. Glass case 
I Window 

n, Magnet 
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glass tube the two diameters before and after winding were ineasuitd at a 
large number of positions along the circumference and the mean taken from 
which, allowing for the insulation thickness, the effective area was calculated- 
A small difference in the area not more than and changing hnearlly to 
within .0001 cm. was found to occur along the entire axis of the glass* tube. 
So, taking the mean of as many readings along the axis as there were number 
of turns we'were able to find the mean effective area of the entire coil with a 
high degree of accuracy. 


(//) M easureme nt oj Torsion ConsUint - 

Before attaching to the coil, the torsion constant of the fibre was measured 
very accurately following the procedures described by Datta (/. c.) using 
one of his standard glass discs, sus])ended from the fibre with its plane 
vertical and noting the time period of the system with a slop watch leading 
to i/io sec. and checked periodically against a standard clock. 


(Hi) Measurement of Current in the C oil • 

The current in the coil was of the order of niicroan))>eres and was taken 
from a single lead storage cell of large capacity through a megohm range 
rheostat. The actual values of the current could be measured for ordinary 
use with a Weston microammeter carefully calibrated potentionietncaUy 
against a L & N standard loo ohm resistance, kindly lent to us by Dr. P. C. 
Mahanli of the Applied Physics laboratory, Calcutta University. But for 
standardization work the currents were directly measured from the fall of 
potential across the standard loo ohm resistance with a L & N Dial type 
potentiometer reading 5 microvolts per small division. With the veiy 
currents used in the coil, about 25 to 70 microamperes, the heating effect 

w'as negligible. 


(iv) Measurement of Maximum A ngles of Torsion in Magnetic Fields : 

The apparatus was arrangsd so that the coil was placed centrally bet ee 
the parallel square pole pieces (4" x 4" x Pole gap i 4 ") ol an electromagnet 
which we usually use for magnetic anisotropy measurements of crystals at 
room temperature. On exciting the coil and the magnet simultaneously Die 
plane of the coil tended to set at right angles to the field and by ‘•^leasing 
the torsion on the fibie and the spring by rotating both the upper an 1 
lower torsion heads, the coil set perfectly and showed no movement when the 
current in the coil was switched on or off. This condition couid be accurately 
brought about by observing through a telescope the image of an illuminated 
scale upon one or the other of the two mirrors attached to the coil. Curren s 
6 — X852P — 4 
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were then switched off and both the torsion heads were rotated through go® in 
the same diiection to bring the plane of the coil along the direction of the 
field, corresponding to the position of tnaximuni magnetic couple on the 
coil which was noted carefully in the eye piece scale of the telescope- Any 
residual inaccuracy in this position of initial setting could be easily eliminated 
by reversing the magnetic field, but not the coil current, obtaining the 
corresponding setting position beginning from the opposite side and taking 
the mean of the two observations if a slight diffeience was observed, which 
was rare. 

When this had been accurately achieved the magnetic field was reversed 
several limes to obtain a steady magnetic state, taking care to switch off the 
curicnt in the suspended coil. At this juncture, before switching on finally 
the magnet-curreiii the residual field could be measured and its constancy 
for different experiments checked by balancing the deflection of the coil, 
when a known cuircnl was sent through il, by turning the torsion head. A 
current between 25 to 70 microamperes was then allowed to flow through the 
coil. The coil w’as deflected and the torsion head was rotated to bring the 
coil accurately back to its initial setting as observed by the telescope and 
scale arrangement. We have not used any special device for automatically 
stabilizing the magnet current except that we have taken the current from 
a 10 kilowatt compound wound D.C. generator instead of directly from our 
t) phase rectified D.C. mains which fluctuates rather badly and also relied 
upon the high inductance of the magnet to stabilise the current further. 
At any rate the accurate balance iiosition of the coil (a static position) for 
a given current could always be adjusted with a rheostat and an accuurate 
Weston ammeter viewed through a low power microscope. For four values 
of magnet current betw'een 2 to 5 amperes passed for short intervals only, 
the heating of the magnet core was inappreciable. The torsion angle 
measured to o. I of a degree is proportional to the magnetic field H, which 
can then be calculated. The exi)eriment was repeated with current in the 
coil reversed and also with magnetic 'field reversed and the mean of all four 
sets taken. This eliminates to a large extent any slight accidental 
asymmetries in the coiistruciion of the coil, in suspension, the initial and 
final balancing positions any any distortions of the magnetic fields. The 
experiment was further repeated with three different values of coil current for 
each of the four values of the magnetic field to observe any systematic error 
in the current measurement, in the torsion measureineut or due to heating 
effect in the coil. After every reading the initial position of the coil was 
checked which remained perfectly steady with moderate torsions used by us. 
The values of the fields were compared with those obtained by the ballistic 
method using a search coil of approximately the same size as* the suspended 
coil and also by the crystal anisotropy method, already mentioned using 
CuSOi.sHaO crystal suspended with the c-axis vertical (Krishnan and 
Mnkherjee, 1938). 
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K X E R 1 M li N T A I, RES U h T S 
Torsion Constant of the Fibre. 

For standard glass vibiator : 

mass, M — .8280 gms. ±.ooui 
radius r— .gySuems. ±.ouoi 
tliickiiess= . 1067 ciiis i.oioi 

Moment of mci Ciix - 1 = M i C + ) 

“ .2088 C g.b. 1 0(»( J 

Mean time i)eriod 



^- 5 ’ 3 ^ 4 ± 002 

Torsion constant 0 = 4-“ 

f 0 

= *28 15 ± .0002 

For the coil : 

No. of coini)lete turns of wire, >1 = 48 

mean .5258 + .0004 

where K — effective radius of the coil. 


TAni.ii 1 

Values of II 


Current in 

Current in 

e 


j] 

Mean Un 

H, 

u. 

the magnet 

the coin in 

in degrees 


tv.o latter 

Search coil 

Crystal 

in amps 

niicTu ainpi. 

(Mean values) 


values 

values 

values 


25.47± 01 

70.31 

.1 

1728 

1726 



2.2 

49.05 „ 

135 2 

9 1 

I 7 j 6 / 

1727 

1727 


70,49 M 

194.2 

♦» 

1725 3 

±1-5 

±5 



25.47 .» 

86.4 

ft 

2123 




3‘0 

49.05 

166.1 

i » 

2120 * 

2119 

2124 

2122 


70.49 .. 

238.4 

i» 

2il8) 

±1.5 

±5 



25*47 1, 

99*7 

ft 

2450 



2448 

4.0 

49*05 „ 

191.6 

ft 

2447 1 

2447 

2450 I 


70.49 M 

275.2 

tf 

2446 5 

5 

±5 

1 



25*47 »» 

111,6 

ft 

2743 


2748 

i 

5.0 

49*05 M 

214.6 

ft 

2740 1 

2741 

2748 


70.49 „ 

308.7 

ft 

2742 ) 

±i..s 

±5 

i 

1 
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The values for the residual fields have been measured after steady magnetic 
state has been obtained in the usual manner for different coil currents 
given ill the tabic and come out as 74 ±2.5, 8710.9 restiectively. We may 
then take the mean of the last tuo values as most probable and 86 ± i.i 
Oersteds. The corresponding search coil value is 55 Oersteds. The present 
method is thus much superior to the latter method for small fields. 

It is evident from Table I that the first value of the magnetic field 
corresponding to the low est coil current is not very accurate since the angle 

of torsion is rather low. The latter two values are individually more reliable 
and compare well with each other. So the mean of these two have been 
taken as tlie most repre-icntative of the values of the fields. Use of higher 
coil currents leads to difficulties in measurement due to heating effect, 
distortions in the field, yielding of the silver fibre, etc. The values of the 
fields obtained aie eslimaled to be accurate to within about 8 to 10 parts in 
io,(Joo. Agreement wu*lh other methods are good though these are less 
accurate. The eiror in the crystal method is not exactly know’n for the 
anisotropy value is taken from Krishnan and Mukherjee’s paper in which 
field was measured by a search coil and fluxmeter but the accuracy of 
meaburemeiit was not mentioned. 
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MOLECULES IN PURE LIQUID STATE* 
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ABSTRACT — Ihe absorption of IT II radio waves in tbu range 330-920 Mr/sec and 
3.18 cm microwaves in benzyl alcohol, benzyl chloride and benzyl amine has been studied 
by the direct optical method by avoiding formation of .stationary waves. Maximum 
absorption of 3.18 cm microwaves has been exhibited bv benzyl alcohol, benzyl chloride 
and benzyl amine at temperatures 55‘*C. -i5®C and -2o®C respectively and (hese are 
assumed to be due to rotation of tlie substituent groups about a diameter of the benzene 
ring passing through the po.*iit of substitution. 

In the U.H.b\ region in the case of benzyl chloride peaks have been observed at 
400 Mc/sec at 28*C and at 790 Mc/sec at 25'’C which are due to dimers and monomers 
respectively. Similarly, in the case of benzyl amine a peak due to dimer at 275 Mc/sec 
at 23*C and a peak due to monomer at 700 Mc/sec at o*C have been observed In the 
case of benzyl alcohol absorption maxima have not been observed in this region, but 
indication of the existence of a maximum beyond 850 Mc/sec has been observed. The 
radius of the rotor in this case comes out too low to be that of the molecule. In all the 
cases the absorption peaks in tlie U.II.F. legion shift with change of temperature 
according to Debye ‘‘j theory. 

The re.sults obtained in the prc.sent invc.stigation show that in the.se substituted 
benzenes the time of relaxation has different discrete values in each case and the occurrence 
of * effective time of relaxation ’ postulated by Fisher is corroborated by the^c results. 

INTRODUCTION 

It was reported previously by Seii 'i<>5o), Kastha (1^52) and by the 
present author (Ghosh, 19530) that sonic substituted benzenes exhibit absorp- 
tion maxima in the frequency range z^jo-goo Mc/sec at suitable temperatures 
and that the diameters of the rotors calculated from Uebye’s theory 
correspond to those of the single molecules in some cases and to those of 
the dimers in other cases. It was also pointed out by the present author 
that with lowering of temperature of the liquid associated groups of molecules 
are formed in the liquid state and they exhibit new absorption maxima 
corresponding to their times of relaxation. It was further observed by the 
present author (Ghosh, igssb) that some organic liquids, such as chloroform 
ethylene chloride etc., absorb microwaves of wavelength 3.18 cm at suitable 
temperatures and the absorption becomes maximum for certain values of the 
temperatures of the liquids. The radius of the rotor calculated from Debye’s 
theory in the case of ethylene chloride was found to be smaller than that of 
the single molecule and it was pointed out that the rotor may be one halt 

* Communicated by Prof. S. C Sirkar 
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of the molecule which has restricted rotational freedom with respect to the 
other half. It was pointed oat by Sirkar (1953) that the frequencies at the 
absoiption maxima do not agree with those calculated by previous workers 
from Cole and Cole’s (1941} empirical formula. The presence of rotational 
freedom of some groups in substituted benzenes was also inferred from the 
values of dielectric loss observed in the solution of some substituted benzenes 
in the metre wavelength region by Fischer (1949). In the method employed 
by the present author, however, the frequencies of absorption peak are 
actually observed and the radius of the rotor calculated from Debye’s theory. 
It was, therefore, thought worthwhile to study the absorption of 3.18 cm 
microwaves in some pure substituted benzenes with substituent groups 
having rotational freedom in order to find out whether absorption peaks 
corresponding to the rotation of these group arc actually observed and 
whether chemical composition of the substituent group has any influence on 
the absorption. It would also be interesting to find out whether these liquids 
exhibit absorption maxima corresponding to those for monomers and dimers. 
With this object in view the absorption of 3.1S cm microwaves and radio 
waves of frequencies ranging from 250 Mc/sec to 900 Me/ sec in benzyl 
alcohol, benzyl amine and benzyl chloiide have been studied in the present 
investigation for different temperatures of the liquids. 

p: X P li R 1 M n N T A h 

The experimental arrangement used in the present investigation was the 
same as that reported previously (Ghosh 1953^, 1953^). Klystioii oscillator 
of type 723 A-B was used as the source of microwaves of frequency 9415 
Mc/sec, the dry battery used in the previous investigation being replaced by a 
stabilised power pack giving —150 and +300 volts resi)ectively for the 
reflector and the resonator of the oscillator tube. The circuit diagram of 
the power supply is shown in figure i. The stability of the voltage stabiliser 
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was tested by noting the variation of the input voltage with the correspond- 
ing change in the output voltage. It was observed that the output voltage 
remained constant when the input voltage was changed from 220 to 240 
volts. The output voltage was also observed to remain constant over a wide 
range of loads. A OR 857>A and a OR X209-A with its shield removed was 
used as the source of radio waves of frequencies ranging from 250 Mc/sec 
to 920 Mc/sec. The liquids studied were of chemically pure quality. 
They were all distilled in vacuum after piroper dehydration. In order to 
study the absorption at different temperatures the cell filled with the liquid 
was placed in baths at different temperatures and when the liquid attained 
the temperature of the bath, the cell was tateen out and its outer surfaces 
were cleaned before being placed in the path of the waves between the 
oscillator and the receiver. The reading of the microammeter in the receiv- 
ing circuit with the cell filled with benzene placed in a suitable fiosition in 
the path of the waves was taken as the incident intensity, in all the cases. 
In the case of niiorowaves the position of Ihe cell was adjusted till the 
transmission was maximum and the formation of stationary waves was 
avoided in this way. 

R K S U h T S 

The values of appaieni absorption coefficient, were calculated from the 
relation 

... (i) 

where .v is the thickness of the liquid absorber. 

The values of have been plotted against the temperatures in figures 2, 

4 and 8 for the niicrowave region and the values of have been plotted 



Pig. 2 Benzyl alcohol at 9418 om. Thickness of the liquid i cm. 
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Fig.4 Benzyl chloride at 9415 Mc/scc. Thickness of the liquid, i cm 


against frequencies in the figures 3, 5, 6 and 7 for the U.H.F. region. Times 
of relaxation have been calculated from Debye*s equation 


= Jii 

-I* 2 ^ ^0 


and the values of a®, the cube of the radius of the rotor, have been obtained 
again from Debye's equation 



(3) 


The values of different constants involved in the calculation of r and a® are 
given in Table I. 
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in Ai€/sec. • 

Fig. 7 Penzvl amine at 0451 Mc/sec, Thickness of the liquid 3 cm. 
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Fig, 8 Benzyl amine. Thickness of the liquid 1.5 cm. 
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Tam,b I 
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i- 3‘-^3 

1.843 

Benzyl 

^75 

298 1 


4-5 

1-59 

53-47 

U )() i 

amine 

300 

3(.)8 ; 


4-/15 

I 48 

49-15 

' 7166 

1 32.5^ 


70(1 

273 1 


5-55 

I. Si 

1 2it 13 


9415 

253 j 


j 7 

2.06 

1 i. 4‘^9 

1 

1.88 


The values of >; are obtained by extrai)olation from the results reported 
in Handbook of Chemistry and Physics publislied by Chemical Rubber 
Publishing Co., the International Critical Tables and from Pliysico-chcinital 
constants of pure organic compounds published by J. limmerinans (1950). 
The values of have been obtained from the table of diedectric constants of 
pure lirjiiids published by National Bureau of Standards, luiited States, 
Department of Commerce, and also from the International Criti'.al Tables. 
The results at very low temperatures have been obtained by extrapolation. 
The values of have been assumed to be ccpial to square of n, the refractive 
index at ao'C for sodium D line, because the values of n at lower tempera- 
tures were not available. 


P 1 S C U S S I t) N S 

It can be seen from Table I that all the thiec liquids exhibit maximum 
absorption of 3.18 cm microwaves at suitable temperatures and cubes of the 
radii of the rotors are i.595> and 1.88x10 cc. in the case of benzyl 

alcohol, benzyl chloride and benzyl amine respectively. As the cubes of 
radii of the molecules are many times larger than these values, the rotors 
cannot be the whole molecules. The radii, however, agree to some extent 
with those of the circles along which the substituent groups would move if 
they had rotational freedom. Thus probably, these absorption maxima are 
due to rotation of the substituent groups about a diameter of the benzene 
ring passing through the carbon atom of the ring with which the substituent 
group is attached. 

As regards the absorption in the U.H.F. region, the behavibur of benzyl 
alcohol is different from that of cither benzyl chloride or benzyl amine. 
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Kacli of the latter two liquids sliowstvvo al)sori)tion maxima in the region 
between 250 Me/ sec and ()Oo Me/ sec. The radius of the lotor corresponding 
to one of the two al)hoi[)lion maxima lies between 3 A and 4 A in both 
these cases and that corresponding to the other maximum is about 4.8A. 
Tlic lower value may correspond to that for a monomer and the higher 
value may correspond to the radius of the dimer. The agreement is fairly 
satisfactory in view of the fact that the values of the macroscopic viscosities 
have been taken in the calculation and these values have again been obtained 
by extrapolation. The fact that the absorption peaks both at lower and 
higher frequencies shilt with change of temperature of the licpiid as shown 
in figures 3, 5, 6 and 7 shows that the absorption is genuine. Tlu^ change 
of dielectric constant wliicJi takes place with the change of temperature 
cannot explain the shift of the peaks if it is assumed that the a[>parcnt 
absorptum is due to foiniation of ^tationary waves in the cell. 

'file lesults obtained in the ]>resent investigation show that in thise 
substituent benzenes the time of relaxation has different values in each 
case and the occurience of ‘effective lime of relaxation' postulated by 
Fischer (ig/jp) is corroboiated by these results. The influence of coiistitU' 
tion of the substituents on the value of the ladius of the lotor is quite 
evident fioin a conqninson of the icsulls for benzyl alcohol w ith those for 
the othei two liquids. In the foiinei ease no absorption peak is observed in 
the range 250-900 JMe/'sec and there is indication of the occurrence of a 
peak at a ficciueticy higher than S50 Mc/sec. l{\en if the fre(iueiKy is 
taken as goo Mc/sec the cube of tlie rotor calculated from Debye s theory 
becomes c).35 x cc. This is much smaller than the corrcsfionding values 
for the other two molecules. This discrepancy may be due to the fact 
that the macroscopic viscosity is much laigcr in tlie case of benzyl alcohol 
than that in the case of the other two liquids and that the viscous forces 
actually acting on the molecule during its oiicntation in the liquid are much 
weaker tlian the macroscopic viscosity as pointed out by Sirkar (1953). 
Probably the presence of Oil groups facilitates hydrogen-bonding among 
neighbouring molecules increasing thereby the niacroscoiiic viscosity, but 
a small percentage of single molecules still exists in the liquid and when 
tlic.^'C molecules try to orient, the forces acting on them are just ordinary 
viscous forces and not the forces increased in stiength by hydrogen-bonding. 

Investigations with other inoicculcs of similar stiue^ture are in progress. 

A C K N O W L E n G M K N '1' 

The author wishes to express his grateful thanks to Prof. S. C. Sirkar> 
D.Sc., F.N.I., for kindly suggesting the problem and for his constant 
guidance during the progress of the work. 
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PSEUDOSCALAR INTERACTiON AND PROTON- 
PROION SCATTERING 

By D. BAvSt 

Dkpartment or TiuvOrktical IMiysiCS, Indian Association 
rok THK Cultivation or Sci«nck, Calcutta-32 

{Received for publication, March 50, /Q54) 

ABSTRACT. It is shown here that in the nuclear interaction llie presence of contact 
potentials of the form of 5 -fiinction helps to make the scattering: isotropic as required to 
explain the p-p scattering at high rnergi(‘s. The 5 -f unction potential which occurs 
naturally in the field theoretical interaction mav regarded as the analogue of the ‘hard 
coie’ potential which Jaslrow assumed ad-hoc in the singlet state only, 

introduction 

The nuclear experiments involving meson indicate that the meson 
responsible for the nuclear interaction is to be described by the pseudoscalar 
field theory. The pseudoscalar interaction consists of two parts : the central 
force term and the tensor force term ; the two terms have different influences 
on nuclear scattering cross sections. The scattering by the central force 
term gives large values of cross sections for small angles, as such the scattering 
depends considerably on angle, further the value of the total scattering cross 
section decreases with increasing energy ; whereas the scattering by the tensor 
force term does not depend strongly on the angle and the total cross section 
either tends to increase (for rclativistically high energies) or remains constant 
(for not very high energies) with increasing energy. 

The high energy experiments on proton-*ip»oton scattering show that the 
differential cross section is very nearly independent of the angle and the 
value of the total cross section does not appreciably vary with energy 
of the incident particle. It has been possible to explain the above 
two features of the p-p scattering on the basis of a nuclear intci action whicli 
can be derived from field theoretical consideration. Various phenomeno- 
logical potentials between two nucleons h^ve been proposed, of them the 
'hard core' model of Jastrow (1951) gives better agreement with experimental 
observations than any other. However, on theoretical grounds it has 
not been possible to justify the existence of a ‘hard core' in case o4 singlet 
state as suggested by Jastrow. Though it is understandable why it is 
necessary to assume a ‘hard core' for the singlet state, in the singlet state 
the tensor force term vanishes, only the central force term remains, so the 
central force term alone gives highly anisotropic scattering which will be 
contrary to experimental observations. To obviate this contradiction, Jastrow 
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for the cross section show that the scattering is vcy nearly isotropic with 
angle when fe* > i and further as long as the energy of the incident particle 
is much less than the rest energy of the nucleon which is about looo Mev., 
the cross section is independent of the energy also. However, the nearly 
isotropic scatteiing obtained here is mainly due to the tensor force term 
which is common to both the interactions, the advantage of the presence of 
the ii-funclion term will be apparent when we consider the singlet state in 
which the tensor force docs not contribute to the scattering. For the singlet 
state the scattering cioss sections calculated with the interactions (i) and (?) 
aie as follows : 


d9'' = 

dcp’ = 


feV 3(r + /oT‘ 

1 

hV 3(1 + AT' 


(n) 


{12) 


We notice that the expression (n) gives nearly isotropic scattering, but 
the scattering cross section given by (12) is highly aiiisotioptc. So the 
presence of the (i-function, as it occurs in interaction (1), heliis to make the 
scattering isotropic. 

The calculations for the cross sections have been made in Born approxi- 
mation, they arc valid for encigies greater than loo Mev. I'lie condition 
that k'‘‘ > I, would hold for energies of the order of 3^10 Mev. 
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la.strow, 1951, Pliys Rev., 81 , 165, 
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ON THE RAMAN SPECTRA OF ETHYLENE DICHLORIDE 
IN SOLUTIONS OF DIFFERENT STRENGTHS* 

Hy .SUKIIHNDU BIKASH BANURJIiK 

Oi'Tics DivI’aktmkm', Indian Association fok thh C'cltivaiton of Scifncf, Calcutta— 
{Received foi publication, Maicli jo , 1954) 

Plates VI A, B 

ABSTRACT — The Raman spcctia of .s jlutions of ethvlciie dicliloridc of coticeiitratioiis 
25% snd 50% by voliinii' ui hcpl me and cyrl )htxaiic luivc !> 'C'li studied and the relative 
intensities of the lines 75^ ein ' and () 5 .] enr’ have been inea-iured in each lase and compared 
with the values observed in the case of pure liijuid. It has been observed that the ratio 
Ast/fnH increases when the licpiid is dissolved in either of the two solvents to make 50% 
solutions and the ratio increases further when the concentration is diminished It is 
pointed out that these results support the conclusi m arrived ai by Ih'shni (iniS) that one 
of these tvvo lines is due to associ.itcd molecules and are contradictory t> the conclusions 
drawn by Knratani '1952) that association of molecules has notliiiif; to do with origin of 
these lines 


1 N T R 0 I) U C T I 0 N 


It was first pointed out by Siikar and Bishni (1915) that in the liquid 
state some of the molecules of ethylene dibromidc might exist as associated 
pairs. Bishui and Sanyal (1947) studied the relative intensities of the lines 
660 and 551 cin"‘ in the Raman spectra of ethylene dibromidc dissolved 
in various solvents and came to the couclusion that the Hue 551 
cm"' is due to associated group of molecules while the line 660 
cm"’ is due to single molecules. Bishui (1948) also studied the Raman 
spectra of ethylene dichloride (1,2 dichloroethanc) and i,r-dichloroethane in 
the liquid and solid states and came to the conclusion that the line 654 cm"* 
of the former liquid is due to associated molecules while the line 754 cm"’ is 
due to single molecules. Recently, Kuratani (1952) has studied the infra-red 
absorption bands of ethylene dichloride {1,2-dichloroethane) in solution in 
various solvents and has studied the intensity-ratio of the bands 1284 and 
1230 cm"’ assumed to be due to gauche and trans forms respectively. He 
has observed that the intensity-ratio of the tvvo absorjition bands does not 
change with the change of concentration of solution of ethylene dichloride 
in carbon tetrachloride and carbon disulphide, and assuming the two bands 
to be due respectively to the gauche and trans forms of the molecule, he has 
concluded that the association theory put forward by Bishui (1948) is 
contradicted by these results. 

* Communicated by Prof. S. C. Sirkar 
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C)u going through the results reported by Bisliui and Sanyal (1947), 
however, it is found that the relaiive intensities of the lines 660 and 551 cni"'^ 
of ethylene dibroiiiide do not change appreciably when the liquid is dissolved 
in carbon tetrachloride, and therefore, it cannot be expected that the intensity 
ratio will change with change in the concentration of the solution. On the 
other hand, Ibshui and Sanyal (1947) observed that the intensity-ratio changes 
considerably when the liquid is dissolved in hexane and such a change might 
be expected also in the case of solution of ethylene dichloride in hexane or 
similar solvents, and the influence of concentration on the intensity-ratio 
could be expected only in the case of these solutions in which the intensity 
of the line 654 cm of ethylene dicliloridc is less than that for the pure 
liquid. It was, thcrefoie, thought worthwhile to study the influence of 
concentration 011 the relative intensities of the lines 754 and 654 of 
ethylene dicliloridc dissolved in suitable solvents in different proportions. 
The results for solutions of ethylene dichloride in heptane and cyclohexane 
have been dicussed in prssent paper. 

n X V I-: R 1 M K N T A I. 

The liquid ethylene dicliloridc and the two solvents, cyclo-hexane and 
the heptane used in the present investigation were of chemically pure quality 
and were supplied by B. D. 11. and May Baker. The liquids were distilled 
in vacuum in large quantities before use. The Raman sjiectrum of the pure 
liquid was first photographed, using a Fuess glass spectrograph giving a 
dispersion of about 12 A.U. per mm iu the 4046 X region and Ilford Zenith 
plates. l\vo solutions of known strengths were prepared first with heptane 
as the solvent, the strengths being about 65% and 38% by weight. The 
Raman spectra of these two solutions weie recorded using plates from the 
same packet and developing them exactly in the same w^ay as the plate for 
the pure liquid mentioned above. The process was repeated for the solutions 
of the liquid iu cyclohexane of strengths 62% and 35% by weight. The 
Wood’s tube containing either the pure liquid or the solutions was provided 
with a jacket filled with a dilute solution of sodium nitrite which cut off 
the 3650X group of mercury lines and prevented production of continuous 
fluorescence by the solution or the pure liquid. The strength of this filtering 
solution was the same in all the cases. Intensity marks were next taken 
on another Zenith plate taken from the same packet by varying the width 
of the slit of the spectrograph and using a glowing tungsten filament bulb 
as the source of continuous radiation. Microphotometric records were taken 
with a Kipp and Zonen type self-recording luicrophotometer. Blackening- 
log intensity curves were drawn for the wavelengths corresponding to the 
lines 654 cm"^ and 754 cm”^ excited by both the 4077 X and 4358 A lines 
of mercury. The values of IjtJ'li.bA, the ratio of intensities of the lines 
754 and 654 cm"^ were then calculated for the pure liquid and for the 
solulions using these blackening-log intensity curves. 
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Microphotometric records of Raman spectra 

(a) 50% solution ( by volume ) of ethylene dichloride in heptane 

(b) 25% 
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results \Kl) DISCUSSION 

The microphotometric records of the spectrograms for the pure liquid 
and solutions in cyclohexane ate reproduced in Plate VIA and those for the 
solution in heptane are reproduced in Plate VIB. The values of 
calculated with the help of these records and the blackening-log intensity 
curves are given in Table I- In calculating these values the relative widths 
of the two lines were taken into account, and therefore, the values given in 
Table I are those of integrated imensitieB. The tcini)erature was about 
28 °C in all the cases. 

TArriac 1 . 


vSolVk’lll 1 !SCm1 


CoTuviilr.'it oil c»f 02!^^ 
1 )\ weight 


bf)! /e»i 


ITeptjiiir 


r'0% 

6.s% 


I 

A 3 


Cyclohf vane* 


62 'V* 

35 ‘’o 


2 0 
2.8 
3*T 


It can be seen from Tabic I that the ratio of the integrated intensities of 
the lines 754 and 651 cm”' for the imre liriuid at is 2.0 which is the 
same as the value reported by Maznmdcr (11)5,3) for the liquid at i35'’C. 
This ratio therefore does not change appreciably with the rise of temperature. 
The value of the ratio, however, increases considerably as the liquid is 
dissolved either in cyclohexane or in heptane even for a concentration just 
above 60%. This change is larger in the case of solution in heptane than 
for the solution in cyelohexanc. The ratio increases in the case of solution 
in heptane from 3.1 to 4.3 when the concentralion is diminished from 65% 
to 38%. In the case of the solution in cyclohexane also the ratio increases 
with dilution of the solution, but this incrca.se is smaller than that in 
the former case. These results can be clearly seen from a comparison of 
the relative intensities of the lines 302 cm~' and 654 cur' in the spectograms 
due to the pure liquid and the solution in cyclohexane reproduced in 
Plate VIA. 

The results thus demonstrate the dependence of the intensity-ratio on 
the concentration of the solution. Such an influenee can be expecte*d if the 
line 654 cm”' is assumed to be due to associated molecules and the line 754 
cm'* is attributed to the single molecule. The hypothesis that the 
liquid consists of molecules of two forms the relative populations, of which 
are determined by the temperature cannot explain these result®. Hence the 
conclusion arrived at by Kuratani (1952) is not supported by the results of 
the present investigations. t')n the other hand, these results support the 
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view expressed by Bishui and Sanyal (1947) that association of some of the 
molecules in the liquid state to form pairs gives rise to the line 654 cm”‘. 
The formation of virtual bond between neighbouring molecules may either 
alter the orientation of one half of the molecule about the other half or it 
may alter the strength of the C-Cl bond. The results reported by Mazumder 
(1953) also show that there is a catastrophic change in the relative intensities 
of the lines 654 and 754 cm"’ with the vaporization of the liquid without 
change of temperature. Those results also support the view that some 
strong inlermolccular field is responsible for producing the change in relative 
intensities of the two lines mentioned above. 

The fact that different solvents have different types of influence on the 
relative intensities of the two lines shows that the relative numbers of the 
molecules of two forms which are assumed to be present in the liquid by 
previous workers (Mizushima and Morino, 1038) depend on inlerniolecular 
field. As it is observed in the present investigation that saturated hydro- 
carbon molecules as solvents have greatest influence on the relative numbers 
of the two forms it is quite probable that the number changes in this case 
owing to breaking up of the associated molecules in the solution. 

A C K N 0 W b E D G M E N T 

The author’s thanks arc due to Prof. .S. C. Sirkar, D.Sc., F.N.I., for 
kindly suggesting the problem and for his guidance throughout the ptogress 
of the work. 
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SPECTROSCOPIC CONSTANTS OF MOLECULES— II. ON 
THE VIBRATION FREQUENCIES OF DIATOMS OF 

THE TYPE XY 


By K. MAJUMDAR and Y.,P. VARSHNI 

DeparTmiiNt of Physics, Auah.ahad Uhiveksitv, AtUHAnAD 
{Received fnt publication, March 27, 7954) 

ABSTRACT Relation of the vibration frequency of diatom XY with the vibration 
frequencies of diatoms XX and YY has been studied, X and Y belonging to the same group 
of the periodic tabic. If w,‘*^for XY be represented by <p (XY), then it is found that 

The calculated values are in good agreetneni with the observed values. Many undetermined 
frequencies have been predi( fed. 

INTRODUCTION AND F O R M IT L A 

Several attempts have been made to find a relation between a — w,. fXY), 
h = a), (XX) and r =» oi, (YY), where a, b and c are the ground state 
vilmatioii fiequcncie.s of the diatoms XY, XX and YY respectively. X and Y 
belong to the same group in the periodic table. 

Clark (1935 b, 1937 a) and Howell (1936) independently suggested : 

a = .5 {b + c) ... (i) 

The errors in a were found to be always positive, and hence it was modified 
(Clark, 1937 6) to 

a = .491 {b + f) ... (2) 

However, both equations (i) and (2) are not very satisfactory. 

Clark (1035 b, 1937 c) later proposed : (when c> b) 

a’ = .815 be* ... (3) 

The formula gives satisfactory results. 

It is found that for such molecules the function o)/"' is additive. The 
function will be denoted by <l> , Thus 

0)/*’ (XX) = <l> (XX) 

The 'atomic’ values may be denoted by f (X) = i 0 (XX).'’ 

Then 

, ,XY) - tmittm 

2 

= 0 (X) + 0 (vj 4 

2— 1G52P— s 
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The results obtained by the formula (4) will be compared with those by Clark’s 
formula (3). 

It will be obscivcd that while Clark's forniula (3) is unsymmetrical, 
formula (4) is not. li b — c =“ a, then the formula should yield the value 
a. Foi iinila (3) does not, while formula (4) does. 

Table I gives the calculations of the atomic values (obviously these 
atomic values cannot be expected to have any physical significance with regaid 
to the atom). Table II records the calculated values of the vibration frequen- 
cies of the diatoms XY by the formula (4). Clark’s calculated values are shown 
in column 5. 

There is no uniform practice of denoting the molecule XY (X being 
heavier than Y) regarding which atom should be placed first. Ilerzberg 
(1030) and Rosen (1051) have placed the heavier atom first in inojrl of the 
case.s, but instead oi HivSb they give vSbBi. Ilerzberg has Tabulated both 
CsRb and RbCs. In Table II, the heavier atom is placed first. 

n X PERT M R N T A L D A T A 

Data for molecules whose vil)ration frequencies have been determined witli 
certainty, has been taken from Ilerzlierg and Rosen (sec authois, 1954 a), 
and is tabulated in Table f. In some cases experimental and e^tlmatcd values 
used by Clark (1937^, 1937c) are much different. As the calculated values 
by the two formulae will be compared, the values used by Claik aic also 
included in Table I, coliiniu 3. Sources for other molecules are as follows : 

FrPh', PoPo, At At — No experimental data are available The authors 
(1954 a) and Clark (1937 c) have estimated values for these. The first line 
against these diatoms gives the calculations by the authois' values (the 
uncertainties which are about 3% have been neglected}, the second line by 
Clark's values. It will be observed that the values given in second line arc 
slightly different from those given in column ‘Clark'. The reason being that 
Clark used rounded values of his estimates. 

GeCte and SnSn — Kstimated values by authors (1954 a) ha\e been used. 

Siv^i — The reported value is 750. But it is uncertain, in as nnich as the 
identification of the bands as due to SiSi is tentative (Dov 11 ie and Barrow 
1047). It is also not certain that lower stale is the ground state. The 
estimated value (authors, 1954 a) is 987. It is noticed that vibi alien fiequency 
in a group falls with increasmg atomic number. This criteria is satisfied by 
both 750 and 987, as both lie between the values for CC and ('^cGe. Another 
evidence is the behaviour of the force constants Their behaviour for other 
groups is similar to that of the vibration frequencies. The force constants for 
CC, GeGe, SnSn and PbPb are 9.522, 6 425 5.048 and 4.016 (Des.) respectively. 
The force constant values of GeGe and SnSn are empirical values. Now the 
observed value for SiSi is 4.649, while the empirical value is 8.04. Though 
t^e values for GeGe and SnSu are empirical, and it cannot be said wdth 
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Table I 


Group 

1 

Molecule 

Clark 


(XX) j 

0 (X) 

I 

LiLi 

.CSi. 1 

351 1 

4 .S 16 

2 2 58 


NnNa 

i 5 <; 2 

159.2 ! 

99 

13 49 =^ 


KK 

QT 6 

92.64 

iS 98 

9 49 


RbRI) 

57 .S 

-•7 

13 ^^9 

b.'MS 


CsCs 

<12 

12 

35 

5 - 9 ; 


Frl-r 

29 

3'’.7 

9 26 

4 . 6.1 




3 t> J 

g.14 

4 <57 

IV 

CC 

iri4i .6 

ih)i 3 

123 

61.5 


SiSi 


987 

■88.372 

44.1 86 



... 

(750) 

73 91 

36.97 


0i cGc 


5^3 

5 b b.? 

29 96 


SnSn 

... 

3'^o 

■17 52 

23 76 


PbPb 

420 

256 5 

.lb -83 

iS 42 

V 

NN 

23(K> 


155 7 

77.86 


I’P 

7,S() 4 

780 .i 1 

75 66 

37*93 


As As 

AS 2 I 


> 51 *11 

25.72 


vShSlj 

j6S 

269 8 

36 03 

1 , 19.014 


Bini 

172.7 

1 172.7 

28.49 

T 4-23 

VI 

rx^) 

isSo 3 

15.80.4 

I20.n6 

‘ 60 ( >3 


vSS 

7274 

725 7 

1 

72 3.55 

36 177 


vSeSe 

3-^7 ‘S 

391.8 

484*7 

24 234 



250.9 

2.S1 


1H.145 


PoPo 

1 

15^ 

200 2 

.'b.33 

15*665 



... 

15^*3 

26.67 

'3 3 CS 

VII 

FF 

loSo 

1049 

91 916 

A5‘9S^ 


ClCl 

564 9 

5^4.9 

61.49 

3^*745 


BrBr 

323.9 

323.2 

42. 78 

2 i< 3 Q 


11 

214 3 

214 6 

3278 

16.39 


AtAt 

^39 

172 9 

28 482 

14.241 




139 4 

24.76 

12.38 
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Table II 



Spectroscopic Conslar^ts of Molecules 


213 


Tabi.e ll—conld. 


Group 

Molecule 

0 (X) + 

0 (Y> 

<•), calc 
AiiUior.s 

w, calc 1 

Clark i 

1 

U 7 , 

OIksci vcd 


PbOe 1 

4S.3S i 

390 5 




I’bSn j 

.i=.i 8 ; 

316.3 



V 

! 

PN i 

115-7^ 

1495 -7 

1524-7 

1337 - -J 


AsN i 


1260 

1252 '» 

lot)S 


SbN ! 

()A 874 1 

1137 

iof)R 

0.12 


BiN 

02 o() ; 

1051 

922 



AsP 

63 65 I 

S05.8 

.S98.5 



Sbl' 

56.941 1 

50 1. Q 

510 

1 


BiP 

52.16 , 

438-5 

141 


1 

SbAs 

44-734 i 

34(<.2 

344 


Hi As 

1 

39 95 1 

291 

297.3 


i 

BiSb 

33 244 ! 

1 

219-3 

216.2 

220 

VI 

SO 

1 

q6 207 1 

1125 

1 139-5 

1123.7 


vScO 

84 204 

917.2 

924 2 

907.1 


TcO 


817 () 

799 4 

; 799 


I’oC) 

7 S'' 9 .S 

777*9 

683.5 

i 


»» 

73 3^5 

741-4 


•• 


ScS 

00.4 I 1 

540 7 

5.S0 9 



TeS 

54 322 

466.9 

476 1 



PoS 

51.842 

434 4 

107.5 

! 

1 


f » 

49 512 

4‘’5 




TeSe 

42 379 

31S.6 

?i 3-3 

322'^ 


PoSc 

39-899 

290.4 

268 



f 1 

37-569 

2 *64 7 




PoTe 

33 -^* 

225 I 

;>»><> 5 



tt 

31.48 

201.7 

1 


VII 

C\V 

BrF 

IF 

76.703 

67.348 

62 348 

1 

79^1 

649 9 

577 -i 

812 7 

675 2 

588-4 

793-2 

671 

6io,s 


AtF 

1 60 199 

546 7 

509-5 
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Tahi.k II — conid. 


IMrU'cnlc 

<P (X) + 

vale 

Of, calv. 


0 (Y) 

Authors 

Clark 

Observed 



Sa3 



HrCl 

5-’ '3S 

/1 38. 2 

13*"^ ^ 

03 ^') 

ICl 

)7.i35 

: .'^75 A 


384.1 

AtCl 

.1.1 

.X'lO 3 

33"-.S 



13 i^.S 

327-3 



IHr 

37-7S 

267 


268..1 

.Mlir 

35.f’3l 

j 241 

2'2S 

... 

• • 

33 77 

221 6 


.. 

Atl 

30.631 

193 3 



»> 

'2S.77 

175 7 


j 


(T — 1) Shat Ilia (private communication) 
b — Durie (ad4ed in proof) 


certainty that SivSi value should he between 9.522 and 6.425, yet one expects 
that it should be sufficiently greater than 4.016 (PbPb) and nearer to g‘522 
(CC). Tiiese considerations support the empirical value. However, calcula- 
tions for both values liave been done. Tlie first line gives the values for the 
estimated vibration frequency and the second for the observed one. 

KF — The observed value is 892 which is uncertain. Claik (1935 a, 
1937 h, 1937 t:) estimates loSo. The authorsMi954 a) value is 1049, and it 
has been used (see discussion below). 

1) i s C XT s vS I o N 

It will be observed that in most cases the agreement between the observed 
and the calculated values is quite satisfactory. However, there are three 
notable exceptions — PN, AsN and SbN. Howell ^1936) suggests that the 
experimental values of PN and AsN molecules might not refer to their ground 
states. Clark (1937 adduces othei reasons also in support of this sugges- 
tion. P'lirther experimental work would decide whether such molecules are 
to be treated as ‘anomalous’ or whether these errors are due to uncertainty in 
the assignment of the ground state frequencies of PN, AsN and vSbN. It may 
be noted that another molecule of the same group viz., BiSb obeys the formula 
very well. The difference between the observed and the calculated values for 
PN, AsN and SbN is nearly 180. 

In such cases where the experimental values used of XX and YY are 
same, the calculated values for XY by authors* formula (4) and Clark's 
formula (3) are close to each other. 
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Vibration frequency of FT 

The experimental value for l’‘e Vibration fieqiicncy of IT' is uncertain. 

It will be noticed that the calculated values for OV and HiF aie quite clobe to 
experiinenlal values, belli by aulhois' and Claik’s forinulacs thou,uIi they have 
been calculated by assuming a vibiation frequency for b‘F w liicli is much 
different from the experimental valiu*. Hy assuming the valuer foi CIF and 
BrF we can obtain a near a[>i)r()xiinalioa to the value for b'h' by back 
cdlculatioii. This has been done in Table III. 


Taiu.k IIL 


Starting Mtdcciik* 

1 j 

FArinula 

w ..for Fk' 

1 

CIF i 

1 

Clark 

10 p 

BrF 

Clark 

1071 

Cll« 

AnUioi.s 

1038 

Hi V 

Aulliors j 

1997 1 


These calculations show tlial the vii)ration fiequeiicy of IT« should be 
close to 100/). 
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FORCE CONSTANTS AND THERMODYNAMIC 
PROPERTIES OF TiCl^ 

Hv D. 'I'lKUMALliSA and V. RAMAKRISHNA RAO* 

Dl'.I’l OF Ph VSR'S, Anohra I^nivkmsity, Wm.tair 

(Received for publication, February g, igj^) 

ABSTRACT. Set.s of force constants are calculated lor the TiCl 4 molecule by ii.sinj.» 
the hnovvn fundamental fre^jiicucies and Wilson’s normd coordinate treatment. 
By compai ini^ the results with data from other .sources, one particular set of constants 
is reconiijR'nded, The heat content, free energy, entropy and heat capacity of thi-; 
molecule are cnlcnlated for a harmonic o.scillatoi, ngid lotator approximation for 
tempeiatuie.- \ar>ingfrom ioo*K to iooo'’K. 

I N T ROD T I () M 

Considerable firogress has been made in the evaluation of force 
constants in oiganic molecules by the Wilson’s normal coordinate treatment 
using a most general (potential energy f inction. In the case of inorganic 
molecules, however, our knowledge of the force constants is very meagre. 
What little is known, IS obtained by the use of very approximate methods 
liased upon assumptions like central field forces and pure valence forces* 
In view of this, we have undertaken a systematic investigation of the force 
constants of these inorganic polyatomic molecules with particular refeience 
to those belonging to the point group 7 \/, (A regular tetrahedral structure). 
An additional point of interest in these molecules is that most of them give 
rise to diatomic inoleutlar emission and absorption spectra. We can 
compare with profit the information derived from this with that obtained 
from the study of the vibrations of the corresponding polyatomic molecules 
by Raman effect and/or infra-red absorption. To start with, we have 
chosen the TiCU molecule as the emission band spectrum of the diatomic 
molecule TiCl has been thoroughly investigated by one of us (V. R. Rao, 
i<^49b 

1' () R C E CON vS T \ N T S 

The Raman frequencies for the TiCU molecule are obtained by various 
authors. (Ta-You-Wu, 1^)46;. They lie in the low frequency region 
(< 500 cm”M, as can be expected for a heavy inorganic molecule. Of the 
four observed frequencies, one is strongly polarized and the other three 
depolarized. Assuming a tetrahedral structure as in CH4, SiF4, CCI4 etc. 
the four frequencies are assigned as one totally symmetric vibration (Ai 
polarized) and one doubly degenerate vibration (K) and two triply 
degenerate vibrations (T2), (see Table Hi. The infrared absoiption of 
this molecule does not appear to have been studied. 

♦ Life Ft How, Indian Physkal Society 
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Xhc force coDStants for this molecule have been calculated by earlier 
authors by using central force and valence force treatments. (Herzberg, 
1949)* No attempts have yet been recorded to obtain the force constants 
by Wilson s normal coordinate treatment using the most general second 
degree potential energy function. As there are only four fundamentals 
and no data on the isotopic molecule is available, the following potential 
function is used : 

V = AdtAdj 

+ /</.( 2 Arf( A», ,) +/',/„( '2, Adi. A/, I 

V i 4 f=i ! \ 


+ Aa, /)+/„„( 

\ '#;.=! / \ i+ 

+ /««'( "S Ay-ij.Acit, 

Where : 

id represents Ti-Ci bond stretching force constant 
fdd represents that of interaction between two TiCl bonds 
fa represents CI-Ti-Cl angle bending force constant 
/a a represents that of interaction between two Cl-Ti-Cl angles with a 
common Ti-Cl bond 

/a a represents that of interaction between two Cl Ti-Ci angles without 
a common Ti-Cl bond 



fda represents that of interacton between a Cl-Ti-Cl angle and a Ti-Cl 
bond with two common atoms 

idJ represents that of interaction between a Cl-Ti-Cl angle and a 
Ti-Cl bond with only one common atom. 

In view of the inadequacy of the number of fundamentals a unique 
determination of fd aud fdd and hence the other constants was not possible. 
So various reasonable values of the ratio fdd I id were assumed (o to 0.5) 
and sets of force constants were determined. Such sets are given in Table J, 
Tetrahedral angles are assumed and Ihc following constants are used in the 
calculations : 

Reciprocals of masses of atoms : 

/ici = 1 .6986 X 10^* gni*”^ 

nTi-12574 ^ 

and for equilibrium bond distance 

C 1 -C 1 = 3.6 i a (Wierl, 1931) 

Ti-Cl = 2.21 A (derived value). 

Real values could be obtained for the force constants involved in the 
triply degenerate vibrations without any further approximation. All sets 
of force constants given in Table 1 reproduce the frequencies to the 
nearest cm*^. 


3— 1853?— 5 
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Table I shows that fa depends considerably on fdd, so that when this is 
made arbitrarily zero, too high a value for fa results. Also we have two sets 
of constants (A & B) for if.ia-fda'), (/«-/«.), (/a-/«a'), since we will have 
to solve a quadratic equation. If /aa^ is assumed to be zero (as this should 
be much smaller than /a a which in itself is very small), then it is possible 
to give individual values for fa and f as in columns 8 and 9 in Table I. 
However, /,/a and ft/a* cannot be separated like this. As the A sets have 
much larger bending constants than the B sets, it is reasonable to prefer the 
latter. Hence the individual values of /« and faa are given for B sets only. 

It will be noted that the force constants in Table I are given to four 
significant figures. This is found adequate and neccessary to reproduce the 
frequencies to the nearest cm“^ (as can be seen from the last column of 
Table 1). 

Off hand, it is not easy to choose the best set of force constants for this 
molecule from Table I. But we could set limits to some of them, as was done 
in SiF4 (Voelz, Meister and Cleveland, iQSi)* As/,/,/ is reasonably expected 
to be less than half a unit our, calculations are limited to the ratio fdaifa — o.S- 
Consequently, we have, /,/ = 3 ii4-*i-^46, = 0.623, f f da —0.277,.,, 

(-0.218), /a==O.I3...0.52S. /„a=0. 016. ..0.215, /a-/aa = ...O.II 4 ... 0 . 3 I 3 /a-/aa' 
= 0.13. ..0.528. 

An attempt is made to compare this data with that from other sources 
like central field forces, (C.K.) valence forces, (V.K.), etc. and diatomic data. 
The value of /,/ was calculated from 455 cm“’ in the emission spectrum 
of the diatomic molecule TiCl (V. R. Rao, loc. rit.) from the formulae 
07 e ^ — 3^ io~“‘ cm* 

and K = 2.490 x io"‘ x {ziz^) x r 

where Zi and Zg are the number of outer electrons and is the equilibrium 
bond distance and K is the force constant 

TAm.e I 


Force constants in millidynes/ Angstrom 


' ,ia/ f H 

Set 

fu 

f .1 ii 

/ U •> f tt .. 


1 



i''- 

Frequency in 

1 cni’i (calculated) 

0 

A 

3-114 


I iSS 

•544 

.989 




386,1 19. ,30,451 


B 

3-114 

0 

-273 

.114 

130 

.130 

016 

0 

0.05 

A 

2 70S 

-135 

1.158 

.620 

1.141 






B 

2. 70S 

■135 

.050 

.100 


.102 

002 

0 

386,119,139,491 

0 10 

A 

2.39^ 

.240 

i.d86 

.656 

1.214 



... 

386,119,139,491 


B 

2.396 

.240 

-.07s 

.III 

.124 

.124 

.013 

0 

0.15 

A 

2.148 

.322 

1.006 

•673 

1 248 




386,119,139,491 


1^ 

2.148 

-322 

-.149 

•132 

.165 

.165 

.033 

0 

0.20 

A 

1-947 

389 1 

.924 

,680 i 

1.261 


• . t 


386.119,139,491 


B 

1.947 

■389 

“•193 

.155 

.213 

•213 

.058 

0 

0.25 

A 

i.7tSo 

•445 

845 

.680 

i.a6i 



... 

386 ,rrg,,' 3 ^ 49 i' 

B 

1.780 

•445 

-,218 

.184 

.26 

.264 

.0S3 

0 

0.50 

A 

1.246 

.623 

.482 

.629 

1. 159 



. . . 

38 d,it 9 ,i 39 , 49 t 

” i 

1 246 

.623 

-,190 

•313 ! 

• 5*8 

.528 

.215 

0 
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Tahle II 

FundamentaJ frequencies of TiCU molecule 


Designation 

Wave No 

Degenernev 

Type 


A 86 

Nil 

A, 

*'2 

119 

2 

K 



3 

'r*. 

*'4 

IQi 

3 

T.; 


Tahi.k III 


C.F. V.I*. G. Diatomic data 

(Gn}>gciilieimer, 1950) 

f,i 2 ign 3. 1 13 3 (/) 2.806 

/J ... O luo 


'lAIUJC IV 

Heat content, free energy, entropy, heat capacity of TiCli in 
gaseous stale at i atnios pressure (cal tnole'“^ dcgrce“^) 


rpK) 

h '- h : 

T ~ 

ri " 

T 

■S'" 

c ; 

100 

39 

SI 61 

63 (K) 

I5.8g 

200 

M-03 

60. 6S 

75 

20 57 

300 

17.2.] 

g; 39 

H^.6j 

22. 8g 

400 

i«.8i 

72 37 ' 

tji I.s 

24 .01 

500 

ig 92 

70 74 1 

gf, 66 

24.61 

600 

20.73 

8 c, .43 1 

101. If- 

24 96 

700 

2 1 .36 

S3 65 1 

J05 ni 

n 2'; 17 

800 

21.85 

86.52 

1(,8.37 

2.S hS 

900 

22.24 

89.14 j 

Iil.38 

1 

2.S-43 

1000 

22.56 

9>-5< 1 

111.07 1 

1 

25 51 


The relevant results are tabulated in Table III. Considering 
the fact that the molecules could be represented by all these methods to 
various degrees of approximation, it is felt that the set nearest to the values 
in this table may represent a reliable set of force constants. So within the 
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limits cited above we are inclined to choose the set /<< = 2.708, /,jrf =0.135, 
fdcL-fua =o.os, /a=o.io2, /a« = 0.002, /aa'=o as luost probably representing 
the values of the force constans in TiCl^ molecule, 

T H n R M O 1 ) Y N A M 1 C P » 0 P R R T I U S 

'Ihe heat content, free energy, entropy and heat capacity of TiCU 
molecule were calculated for temperatures ranging from ioo''K to iooo“K 
to a rigid rotator, harmonic oscillator appro-Kiination. The values are for 
the ideal gaseous state at one atmos piessuie. Using a Cl-Cl bond distance 
of 3.61A and assuiniug tetrahedral angles, one obtains the moments of inertia 
= = /, , = 462 at. ut. Angstrom units The symmetry number for 

a pentatomic r,/ tyiie molecule is 12. Hirge’s (1941) values of the physical 
constants are used. Table II contains the degeneracies of fundamental 
freQUeiicies. Ihe calculated thermodynamic propcitics are given in 
Table IV. 


A C K N ( 1 W b P, I) C, M E N T 
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PROTON - PROTON SCATTERING AT 340 MEV 

Bv C. BANURJUli 

DEPARTWKNT of 'i'HhORl'TK'AL PlIVSICS, LmuAN ASSOCIATION FOR TIIK CULTIVATION 

OF vSCIIiNCh, CaUIUTTA- .^2 

iKcccivcd foi liiiblication, M§rch^ 195 /^ 

ABSTRACT. The proton-proton scatU rinj^ has been considered in this paper vvitli 
an interaction which involves only (he tensor pait of the pseudoscalar interaction. The 
theoretical results have been compared with experimental data at 3.10 Mev. It is found 
that the tensor force alone can faiilv explain the experini^nfally observed isotropy of 
scattering. It also explains qualitatively the independence of differential cross sections 
with energies of the incident particles. 

1 N T R 0 1) U C T TON 

The expennients on proton-proton scattering at high energies (105 — 390 
Mev) show that the differential crois section is isotropic and is also independ- 
ent of the energy of the incident protons. For low energy particles some 
anisotropy is noticeable particularly at small angles, tins is due to the fact 
that at small energies the coulomb scattering which is anisotropic has a 
magnitude quite comparable with that of nuclear scattering. 

The phenomenological studies of p-p scattering by Christian and Noyce 
(1950), Case and Pais (1950J and Jastrow (1951) ar^ different attempts to 
explain the experimental observations, of the above, the ‘hard core' model of 
Jastrow agrees most with the observed resuls. Jastrow assumes a hard-core 
for the singlet state only. At high energies (3.10 Mev) this repulsive core 
makes ^5 phase shift negative and *11 i)liasc sliift positive and in consequence 
there is a rise in the differential cross .section at 90" and a dii) at 40", whereas 
the contribution to the scattering by the triplet interaction is just the opposite, 
as such the two together give a flat curve. Hut no justification for the 
assumption of a hard-core for the singlet state only has been advanced by him 
though the idea of a repulsive core has been recommended by Kramers and 
Bethe (1935) from the viewpoint of saturation of nuclear forces. There is 
also much doubt as to how lar such a model would meet relativistic 
requirements. 

This paper attempts to show that only the tensor part of the pscudoscalar 
interaction can explain fairly the isotropy observed in p-p scattering 
experiments. The calculations have been carried out by Born approximation 
which is valid at the energy considered here. 

THE IN T U R A C T I C) N 

The static potential obtained from symmetrical pseudoscalar meson 
theory based on weak coupling between nucleon and meson fields is given by 
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I + H ^ 

Xr 


Y 47r 


We consider in this paper the tensor part of the above interaction 
F=-i(r.7,)..S\/i+ 3 + 3 

\ X7 X 7 y r 4ir 

where 8,,^ -f(r,trj) 


The ainplilude of the scallercd wave iu Boru approximation is, 


ae) = - . fUe ™ Xm,r. S,2. xms (l+^ + 

4nn‘‘ 4 Try \ Ar 

where /v = 2 A’shi 0j2 


3 e 


X^rM r 


(i) 


(2) 


. dr ... (3) 


T K N vS 0 R P ( ) R C U 0 P R R A T O R vSi2 

To consider the effect of the tensor force operator .Sja on the spin- 
dependent parts of the wave functions in case of p-p scattering let us 
consider a frame of reference as in figure i. Let /v’ft no be the momentum 
of the incident proton in the centre of mass system and k^n its momentum 
after scattering. The vectors «« and n represent the unit vectors in 
the directions of initial relative motion and scattering respectively. We 
would consider n„ also as the axis of quantisation of the spin functions. 



Fig. i 
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The tensor force operator on triplet spin functions for various values of the 
magnetic quantum numbers yields the following matrix and on singlet 
spin function it gives zero. 


V ms' 
m 


I 


o 


— 1 


1 

(Amsnis'j = o 
— ] 


3 cos ^ 3 2 cos £ sin ~ sin 

3 V 2 sin £ cos -2(3 cos - i) 3 2 sin £ cos £c ' 

36’“''^ sin “’£ “ 3 2 cos £ sin £c'- 3 cos "£ - i 


l) 


Tile elements of the above matiix when coiifiideied in the diiection of the 
scattered wave become 


ni H 


— 1 


3siir^/2-i 3 V' 2 sin ^/2 cos ^/2c 3c cos® (9/2 

{BmHms')-o 3\/2 sin ^/2 cos ( 9 / 2c''" -2(3 sin® Bj 2-1) -3^2 sin 2 cos ^/2c’'^ 

■I cos® 6/2 — 3\/2 sin ^/2 cos 0/2^'^ 3sin^^/2 — i 

••• < 5 / 

Substituting the elements of the matrix (A) in equation (3) and iierforming 
tile integration in each case and considering the chect in the diiection of the 
scallered wave, wc get, the scattered ami)litude as, 

CIB}=- (3si.r(?;2 -i). 

A 7 I.l~ ATT J 2 


I I h 


3 . 
x'r 


dr 


f 1 f ’3£9S_^ , IBmHWH) 

417 j 2 


T + H- - 
XT X T^ 


, dr ... ( 6 ) 

r 


The amplitude and hence the intensity in scattering in the tn'idet slate does not 
depend on 9 as during integration and averaging such terms vanish. Since 
the diagonal elements of ‘he above matrix vanish, Askin and Wu (19^8) 
have considered the average of their squares while Rosenfield in discussing 
the saturation properties of nuclear forces considers the average value of 
as (3 COS®£-i). We would follow the former in our discussion. 

oc 

C(e)=-M . C. . . (Bmsms') f e"‘"-‘^'’'.(3Coa’‘0'-i) 

4ffr 4ff 2 ^ 
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M 


f 2^ 


* 47t 


. (Um^ 


Hws 


) j (-4) 

0 I 


i 3(sin Kr-Kr cos Kr) _ sin Kr\ 


{Krf 

\ 

r 


Kr 


\ 


- + I . r’. dt 
Xr ,v r" . r 


ni ) 


(7) 


_ _1 

x" ' K^ + y^' 

vSince we h ive considered a potential which involves a tensor force operator 
Without any central force term there is evidently no contribution to the singlet 
scatteiiim. In case of triplet [j-p scattering the charge is symmetric and the 
spin functions are symmetric and heuct the spatial functions involved in the 
expression for scattered amplitude must be antisymmetric and since we do not 
know anything about the nature of polarisation of the interacting particles, 
the diflerential cross section is given by 


<t[0i ■ 


1 

9 

1 

2 


^ . 8[c ' (0) + (n — 0) + C t^j (. (n- — 0)\ 


M!^ 

,]nV 


Mr 

ATTir 


I ; / l/i’"sil^^^/2 \ / 4/v'COS^^/2 

j ]fr siir’ 0/2 t \‘ / y .\fr cos*' oj 2 + A' 

^ siir 0 , 2 \ _ \ 

\ 4 k' 0 / 2 -^^" j j\lr 2 '^ x^/ 


( 8 ) 



Fig. 2 

Curve I is the experimental curve for 340 Mev. o, I^xpeiimental points. 
Curve II is Jastrow’s curve for 340 Mev, 

Curve III is theoretical curve for 340 Mev computed from (8). 
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The computed magnitudes of the differential cross sections from equation (8) 
for 340 Mev are given in Table I and a curve has been drawn to represent 
them along with the experimental curve at this energy. We have given here 
also Jastrow's curve for comparison. 


TAj 3 rii I 


Angle.s tnde grees in the 


.30" 

40' 


f)n“ 

70“ 


Qo® 

centre of wave system 









it { 6 ) in nib/st'l 
for 340 Mev. as computed 









from (S) 

3.51 1 

3.«3 

4 31 

1 

4 50 

4 75 

1 

«;.87 

4*0'^ 

4-02 


DISCTTSSION 

A Study of the computed values of differential cross sections and of the 
corresponding curve shows that the differential cross sections exhibit isotropy 
well within the variation admissible by the experimental errors. Agreement 
is fairly quantitative for the energy considered with an average value of 
4.46 mb/std as against the experimental average 4.5 mb/std (Chamberlain and 
Wiegand, 1950). As the energy of the incident particles becomes smaller and 
smaller the magnitude of the dilTereiitial cross sections given by (8) diminishes 
due to the decreasing contributions of the nuclear scattering and the experi- 
mental high value is primarily due to coulomb scattering. 

At high energy where X-//v* can be neglected in comparison with unity 
the theoretical average value of the differential cross sections from (8) 

is 2 This is independent cf the energy of the incident particles 

'4ff/iv X 

as required by experiments. The computed magnitude of this expression 
comes to 5.55 mb/sld which is about 20% higher than the experimental 
average. 

The author (1953) has studied previously the p-p scattering at high 
energies for the complete pseudoscalar potential and found that the differen- 
tial cross sections show a tendency towards qualitative isotropy at large 
angles (60° and above) due to the prcdominence of the tensor force contri- 
butions over those of the central force. At small angles, however, the cross 
sections were found to be strongly dependent on angles due to relative 
importance of the central force term and as a result the differential cross 
sections exhibited anisotropy even at high energies. Banerjee (1953) 

has also considered the p-p scattering with and S12 ^.^“3 as poten- 


4— 8852P— 5 
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tials of the intracting particles. He has found that the latter potential which 
contains i/r^ singularity shows a better tendency towards qualitative 
isotropy at higher energies. We, however, observe in this paper that the 
sum of the potentials involving i/r, i/r® and 1// singularities, which occur 
in the tensor part of the pseudoscalar infraction, gives better results and the 
agreement witli the experimental results at 340 Mev is not only qualitative 
but also fairly quantitative. 


In our calculations we have taken the value of 



wdiich 


has been 


obtained after normalising the value of total n-p scattering cross section at 
go Mev determined experimentally by Fox, lycilh and others (1050). The 
exi)enmental data which we have considered in this paper belong to Chamber- 
lain and Wiegiind 11950). 


C O N C L U S T O N 

The p-p scattering cross section, as calculated from the simple Yukawa 
interaction, depends too strongly on the scattering angle, as such this potential 
alone or in combination with the tensor force term cannot exidain isotropy of 

-irr 

p-p scattering as experimentally observed. The tensor force term S12 


multiplied by the factor ^ i + 
than any of the interaction Si2 


r 


vTT ) gives better isotropy of scattering 
Xr ^ r / 


- — , S^n - -5- and individually, 

r “ r 
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ABSTRACT. In the present paper it has been sh')\vn that Pernii's semi-einpirical 
mass-formula used for the estimation of kinetic energy of fission-fragments gives values 
less tlian the observed ones by about 30 Mev. Applying a suitable correction-term based 
on Duckworth's recent niass-spectrograpluc measurements the kinetic energy of 
fission fragments has been estimated to be 171.2 Alev which agrees with the leeent measure- 
ment of 167.1 Mev. 


I N T R 0 I) U C T 1 O N 

Several attempts have been made to measure the total energy released in 
the fission of uranium nucleus (Turner, 1940). 'Hie value of the total kinetic 
energy of the recoiling nuclei calculated from total ionization has been 
reported to be 175 Mev per fission (Henderson, 1939) while the American 
Physical Society at its Pittsburgh meeting gave a result of 180 Mev per fission 
(Henderson, i94()a). Application of various corrections has changed the 
value to J77 Mev ± i % per fission. 

Calorimetric method was employed to measure the heat produced in 
fission and this has given the weighted average of 177 ± 5 Mev per fission, 
for the kinetic energy of fission-fragments (Henderson, 19406). The result 
has the probable error of about i %. All the delayed beta particles produced 
by numerous radioactive substances created in the fission -process also 
contributed to total heating and this amounted to nearly 12 Mev, Thus the 
true recoil energy of fission- fragments from calorimetric method is 165 Mev. 
Tins calculation cannot be an accurate one. Kanner and Barschall (1940) have 
found the value 160 Mev by measuring the energy of individual members 
of the pairs of fission-fragments This has been revised to 165 Mev. 

Kinetic energies of paired fission-fragments have also been measured 
recently (Brunton and Hanna, 1949). Thiougli the analysis of ionization data 
obtained from careful measurements of fission-fragments by Brunton et al 
(1949, 1950) and by Deutsch and Ramsay (1946) with double ionization 
chamber, the value reported on the average kinetic energy of the fragments is 
154.7 Mev. The large variations in measured kinetic energy have been shown 
to be due to variation in number of neutrons emitted per fission (Way and 
Wigner, 1948) and due to variation in nuclear charges of primary fragments 
(Brunton, 1949)- It has aUo been shown that fission-fragments, slopped in a 
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gas, spend large averages of energy per ion-pair than alpha particles 
slopped in tlie same gas and as such ionization experiments based on the alpha 
particles of known energy give low energy-values for the fission-fragments. 

Leachrnan ^1952) has measured the velocity distribution of fragments 
from slow neutron-induced fission by a tiine-of-flight method. His velocity 
data indicate that the kinetic energies of the fragments exceed those reported 
by ionization chamber measurements by 5.7 Mev for the most probable 
light and by 6.7 Mev for the most probable heavy fragments. His corrected 
value is 167.1 Mev. 

Since mass-speclrographic data in the region of heavy and medium 
heavy elements are not very precise, it is worthwhile examining the validity 
of semi-cmi)irical atomic mass-formula in the estimation of kinetic energy 
of fission-fragments. 

The Fermi’s semi-empirical mass-form ula (1950) has been utilised here 
for the computation of kinetic energy of fission-fragments from This 

gives results which are lower than the observed ones by about 30 Mev. 
This Fermi’s formula gives error in masses of the order of 5 Mev for /I ==50 
to 19 Mev for A — 200 (Raymond, 1952). By a careful examination of the 
mass data (Duckworth, 1950) it has been possible to find a correction term to 
Fermi’s mass-formla which fits in well with the experimental data (Dube and 
Singh, 1953). The semi-empirical mass-formula with the new correction-term 
has been utilised here to calculate the kinetic energy of fission-fragments 
with a view to judging its realiability. 

C O R R IC C T I O N 'r C) F n R M V vS S K INI I - R INI P I R I C A h 
M A vS S - F 0 R M U Iv A 

Fermi’s semi-empirical mass-formula is 

= 0.99391/! — .oooS5Zh- 0.014/!*-^^ + 0.083 A 


,0006277." 


- +8(/I,Z) 


where 


^(A,Z) = o for A odd 

= T for A even 


Z even 
Zodd 


M(A,Z) is the mass of an atom of mass-number A and atomic-number Z, 


The correction-term in the region of medium heavy mass number based 
on Duckworth’s recent mass measurinents (Duckworth, 1950; has been found 
to be ( Dube and Singh, 1953). 

Am= - (o.ooo6/1^’* — o.ooo42Z''® -0.0290) (2) 

where is the correction to atomic masses in M. U. 

The mass of is known from the spectrographic mass of Pb*®^ and 
- Pb**** mass difference (Duckworth, 1951, 1952) 
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^^(235, 92 ) = 235.ii56± . 0010 . 

This value calculated by Stern (1949) by the radioactive data differs from 
the recent one by about 1.5 Mev and as such is not taken for present 
calculation. 

K I N I? T 1 C K N R O Y Ol* 1? I vS vS I () N - l‘‘ R A G M U N T S 

The total energy-release in fission is made up of ihe following ; 

(а) Ejt, the kinetic energy of the two fission-fragincnts 

(б) Er, the kinetic energies of prompt neutrons and gamma rays. 

(c) Binding energy of prompt ncutrous. 

1 hat is, Ep =E]^-i'Ex ... (3) 

where Ep=- prompt fission-energy associated with all possiljlc pairs of 
charges ; and Ex is the excitation-energy of primary fragments— iw + binding 
energy of prompt neutions. 

whence E* is equal to Ep — Ex ... (3a) 

For fission in the prompt fission-energy Ep is given by Bnintoii (1049) 

E/> = M( 235 . 92 ) l M.,-[AiML.ZiJ+i\;(yln,/n)] M. U. .. (3/’) 

where A^(/^L,ZL) =mass of light fragments of mass-number A], and 
charge /l. 

M(-d If, Zji) = mass of heavy fragments of mass-number An and atomic- 
number Zii. 

Equation (36) gives the value of E* if the neutron binding-energy 
is known. We can readily calculate the neutron binding -energy for the 
nucleus (yl 4 i,Z) from Fermi’s mass-formula. 

BJA + i,Z} in Mev. = 93 i[Af(/ 1 ,/) + Af„ -A ;01 + i,/)] ... (4) 

where Mn = mass of the neutron = 1.00898 M. U. 

Bn(A + i,Z] Mev ~o. 93 i[i 5 .o 4 **- (/I 4 

-, 8 ,\ + 0 . 637 / 1 / 1 -/'■ 

A A + i\' 

~ (/I + l) 48J ... {4a) 

^ iZ even 

where ^ jz odd 

Z even 
/ odd 

The mean value of is about 20 Mev (Brunton) and is estimated 
as follows : 

the average value of neutron kinetic energy pei fission s Mev. 

(Glendemin, 1949) 

The average value of prompt gamma-rays per fission ^4.6 Mev. 

the mean value of neutron binding energy per fission 

calculated from {40) “12.4 Mev. 


=E 4 


36 


for A odd 


Total. 


«22 Mev. 
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ABSTRACT - The cross section for the capture in different excited 5-states of an 
electron h\ an ion passinj^ through gaseous matter has been evaluated ; the method 
followed is an extension to that of Urinkman and Kramers. It is found that the first term 
of the scries obtained here for the is — ns capture agrees with Brinkman and Kramers* 
approximate result. 


I N T R O I) n T I O N 

The itnportancc of the problem of the capture of an electron by an ion 
passing through gaseous matter has, of late, increased in view of its application 
to the explanation of some of the lines emitted by solar corona (Saha, 1942) 
and aurora borealis (Fan and Meinel, 1953). The theoretical study in this 
line has been mainly done by Oppenheimer (1928), lirinknian and Kramers 
(1930), Massey and Smith (1933), Saha and Basu (1945), Jackson and Schiff 
(1953) and others. Brinkman and Kramers have considered in detail the 
case in which an ion captures in its is orbit an electron which was originally 
in the i.v orbit of the atom constituting the gaseous matter. The present 
work is an extension of the theoretical investigation of Brinkman and 
Kramers for the more general case of capture of the electron in excited orbits. 
The necessity of considering the cross section of capture of electrons to 
excited orbits arises from the suggestion of Saha (1942) to explain the origin 
of Ilc-lines in the spiectrum of the chromosphere. In it we notice, in addition 
to the extremely strong neutral helium lines, the well-known line of ionised 
helium A 4686A whose appearence is unexpected in view of the fact that this 
line has an excitation potential of nearly 75 25 volts while the ordinary 
excitation of the chromosphere is 9 to 14 volts. The occurrence of this latter 
line has been explained by assuming that high velocity st-particles generated 
in the solar body due to some nuclear process get slowed down by losing 
energy through ionisation. After l)eiug considerably slowed down they begin 
to capture electrons in excited orbits which jump back to lower orbits emitting 
the well-known lines of ionised helium. The capture problem is expected 
to play an important role in explaining the spectrum of aurora borealis- 
The aurora borealis is most likely to be excited by high-speed ions penetrating 
into the upper atmosphere. Meinel (1951) detected a violet Doppler wing on 
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Ha line extending to an energy greater than 57 Kev thus proving the 
existence of protons as one of those causing the excitation. A preliininaiy 
experiment by ^leinel and Fan (1Q52) using accelerated protons with rarefied 
air sample, showed a striking similarity between the laboratory spectrum 
and that of the aurora. 


D K R I V A T I O N () I- T H U R K S IT h T 

The type of collisoii considered in this paper comes under the general 
head of rearrangement collisions because here the electron initially attached 
to one hydrogen-like atom of charge /c forms finally another hydrogen-like 
atom of charge Z'e by simple rearrangement. The difTerenlial cross section 
of a general binary collision, in which a system /I in state collides with 
a system B in state n to form systems in state s and D in state f, has been 
derived (vSehiff, 1949) using the first Born approximation. In our problem, 
of the two initial systems, one is a hydrogen-like atom with charge Zc and 
mass AM of the nucleus to which an elctron of charge -c and mass nt is bound 
in the n,l,m 01 bit and the other is a free particle with charge Z'c and mass 
A'M moving with the velocity Y with respect to the atom ; the final systems 
are respectively a hydrogen-like atom with charge Z'c and mass A'M of the 
nucleus, the electron being in the orbit, and a free particle with 

charge Ze and mass AM relative to which the atom moves with a velocity v', 
P'igure I gives us the co-ordinate system for our collision process. 


Zc, AM 



Figure i. Co-ordinate sysl<*iii. The points marked C and C arc centies of mass of 
the initial and final atoms. 


Following the calculations given in h. 1 . Schiff’s ‘Quantum Mechanics’, 
we get the differential cross section for capture of the electron in the 
final n,r,w' state from the initial n,/,m state as in Jackson and, Schiff's 
paper I1953) viz. 




V 


(i; 
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with y'cxpf-iK'.ROi/'n’.f m' {r') V exp if) dTfdrH, (2) 

where (f) is the ncrnialised initial state wave-function for the 

L-lectron in aton Z and ff') is the normalised final state wave function 

for the electron in the atom //, 

(/i/2;r)K = /MV ) /i,=/l'M(y1M+m)/(.d+/l')M-t«i) 

(3) [ (4) 

{h!2n)K’ = fiyr ixf = AMi/VM + m)l(A+A')M+m\ 

and V is the perturbation Hamiltonian. 

Using as the independent coordinates r, r' instead of f, R we may write 

7 = y cxp{-iC.r')\l'„’,i-,m if’) Vif,f')expitB.r)\l/„,i,,„ (r) dr^dr^' , ^5) 


where C = K-~ 4 ^AL_K' and B= AM._K-K'. (6) 

The perturbation Hamiltonian consists of two parts ; (i) the Coulomb 
interaction between the electron and the incident particle and (2) the Coulomb 
interaction between the nucleus and the incident particle. Brinkman and 
Kramers (1930) considered only the first term neglecting the second one in 
their calculation of capture cross section for electrons from initial i.v orbit to 
final IS orbit. Saha and Basu (1945) extended the method of Brinkman and 
Kramers to calculate the capture of electron from i.v to 2p orbit. It lias been 
mentioned by Jackson and vSehiff (1953) that in an exact calculation, the 
second term in the perturbation Hamiltonian would have actually a negligible 
contribution » however, they claim that better results are obtained by taking 
into consideration the contribution of the second term which is no longer 
negligible when the calculations are based on the approximate method of 
Born. Here we shall follow Brinkman and Kramers, and shall carry out the 
calculation for the capture of electron in the final ns state from initial is 
state by the first of the two alternative mothods given by them. 

As the perturbation potential we may take either the initial perturbation 


/e 

or the final pertiirbaticn F/= — — , However, it has been proved 


by Jackson and Schifi (1953) fb^f the first Born approximation the 
ambiguity in the choice of the perturbation potential does not lead to any 
ambiguity in the result for the transition probability. Ihey show that 
when F=F| 


7= _ C Wj Jll lC (B) (C), 

\ 2 m/ j 


and for F= F/ 


\ 2m i 


+ e (®) (C), 


(7^) 

(7b) 
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where »Hj and iii/ are the reduced masses of the electron when attached to 
the atoms / and Z' respectively 


nil ~ 


A Mm 
AM + m 


and III f 


A'Mm 
A'M-l m’ 


(8) 


(B) - j exp (iB.r) dr,, 

(C) = J exp (i(' f') V'V./'.m' (I*'* 


( 9 ) 


and <•:, are the binding cnergic'^ of the electron in atoms Z and Z' 
respectively. 

Now from the conservation of encigy requirement viz., 

I /Li 

vve get with the help of equations (.|\ (6) and (8) 


- - — -f- f. = . _ -f. I 


(lo) 


2 m f 2 m , 

Hence /=-/'. 

The evaluation of 0n,z,m (K) for a hydrogen-like atom with charge Ze of 
the nucleus has been done by Podolsky and Pauling (1Q29) : 






-{/)', Te 2 '* 4 /! _ s I S^-I (,,) 

where 1 ^, are the polar co-ordinates of K, 

rr V y 2 -K' 

witliYn” being the reduced mass of the electron itl 

na nn' 

the atom, and d'J is ihe Gegenbaur function which may be defined by the 
generating function 

Q, 9 l(l- 2 «t + M=)-'’ = 2 Cf; '<)«". (12) 


u <1 J 


Hence from (i), (7) and (ii), the differential cross section is known in 
general for capture of the electron in any final state from any initial state. 
From (ii) we have in particular 




PnAO^-Sir'^Vn^^HO + yn”)- 


C + vV 


(13) 
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where yi= ^ with 


1 -M ' 

and v « = — with a — | 

na o nifC j 


(1*1) 


Willi the Iielp of (7) and (10) we get 
/ 


2 VV-= + Yn^r' c' ( % -Vv 

mi +V« 


•15^ 


To get the total cross section we require the integral of | I I" over all 
directions of crieiitation of the solid angle IT Now (cos ©) is the 

cocfTicieiit of the expansion of (i - 2ii cos H + irr‘ when i<<i. 

( cf. eqii. (12) ). 

Hence 

KM-, 

( Sill B }2(r+ i)}! 


Putting 


/ *2 '2 

<■ -V3._-.= cosy-i-'>v 

C'^’+Y'n’" ■ ’ 


we have 


A -- 




.v(i-.v)= , =] sm'B, 


ami froii) (6) 


(i6) 


(17) 

(18) 

(19) 


d\ = — 2\KK' , , sm 


ulilibiiig the above results we get from (15), 

"-1 


'£ 


...2 

2 77 1 ! / 1'^ sin 0 dO — 


nrry,' 


\KK'm\yr 



with 


Sr( 0 ,«) = (-)^3 


■» / 2 
(fl — ■ 


sui ^ 


fao) 

ic between K and 

K'. 

Thus 

— 0) 



5 ,. •* i^,w).v^ ' ’ ( I — A ; 
A:(^-r) 

”dx, 

(21) 

^2r 

1 1 ^ • 


(22) 


Under tlie usual condition 

/< =- A K’ » y'- 

»\K-kK'\ 


(23) 
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1 l:cn from hS) ami (6) uc have 


x{ 0 =^ 7 :)= 

<K-+AK')= !-/„"- 


an 1 


.v(fl = o) = .v„ ^ 




(K-\iCT + y 


1 \ 

w*/ ‘j i> (7 j“ +V^‘) TT'o"” + ^ I*, ‘vide appciuU.v 

^ i 67 r'<r“ \ 


ppciulix) l2.]l 


with 


«r — 


n/ 7 ’ 


// 


For the evaluation of the integral in the right hand bide of the c(]n. 

<21/ we may note that j x)'tixis tlie incomplete hcta-fuiiction 

Fho{ 5 + r) the numerical value of wliicli can he obtained easily. 

Now since m « xV/ we may write and 

Hence from 'i) & (21) the total captuie cross section from \s orbit 
to vs orbit is given by 


Q = 2 ^ 7 T 


^h/ 277 )' 


2 ^U 



.S, { 0 ,n) i^ar., (5 + r, I + r). 


(25) 


DISCISSION 

The e.Kpression given by B. K. for the i s ~ »rs' capture cioss bec< ion is 
approximate being only tlic first term of oui series in ecjn. (25). In fact the 
contribution of the other terms of the series is not at all negligible for low 
energy of tlie incident particle IJowevei, for very high energy of the 
incident particle the result on the basis of our expiession differs very little 
from that of B. K., the mam coiitnhiition being due to the first term. 
Thus at high energies of the incident particle vve have an inverse /z‘ 
law for the capture croaS section a^ given also by Oppenheiiiicr. 

A P P p: N I ) I X 


To prove 


r.- 2 4. 4 - rr'V- 4 - 


'n^ + (/v - A/\ + 




wc have from (3) and (4) 


(K-\K‘f= (v-v') + A>M<r^ 


where 

and 


S=‘(A + A')M + m 
niv 
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From (loj we may write with the help of (3), (4), (6) and (14), 

47t^\AM.A'M 


> " + t2 


i 


(i> — r') + A^Mcr) 


2.4^ 


Sam.a'm 

I h 


/ /V ytnf 

(v — v — 

h 


=^ 7 i 


{v-vf)-^A'Mcr^-S(r 


upto the first order of approximation. We take {v-v')lv and m/M as 
small quantities of the fiist order. 

Then 


2 s\AM_.A'M 
S I ' h" 

Hence follows the result. 


(i) — v') A' M(T > = ^ y-- -I- Tia, 

4 n(T 


A C K N 0 VV Iv J: I) G M U N T 
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ABSTRACT. Van VIcck's recent theory of maj^netic anisotropy of paraiiiagnelic 
crystals indicate the importance of the efftcts of long range crystalline electric fields which 
were previously assumed to he small in comparison w’ith short range ones Kxpeii mental 
verification of this theory necessitates very accurate deter niination of the magnetic aniso- 
tropy of such crystals. This has been undertaken in the present vvork in which atteinpl.s 
have been made to improve the existing methods in order to eliminate or minimise errors 
that arise in its measurement, especially in the control and measurement of the magnetic 
field. The results obtained on a large luimlicr of crystals show considerable differences from 
thoftC obtained by the previous workers. The use of single crystals as secondary standards 
in the measurement of magnetic fields has been discussed. 

I. I N T R 0 n V CT I 0 N 

The most extensive measurement of the magnetic anisotropies of the 
single crystals of paramagnetic salts has been done by Knsluian and his co- 
workers in this laboratory fi933> el 'ieq.) with the nitention of verifying and 
elucidating many important asi^ects of the crystalline electric field theory of 
Van Vleck (1932) and Penney and Schlai)p (jg^ 2 f. rionic of their earlier 
works were, however, found to be largely in error ; for exam])lc, the principal 
gram molecular anisotropy of NiSO^, bHsO was found to be 83.0x10 ® at 
303°Kby Mookerjee fi946) and 8r.6xTo’‘* at 303°K by Stout and Grieffel 
(1950), as against 109x10”*’ by Krishnan «/ (i 933 ^- Joglekar (1938) also 
found for some of the aminoiiiuin Tutton salts a difference oi even from 
the anisotropies given by the earlier workers. The oscillation nietliod used 
by the earlier workers was not evidently very reliable. Iwcn in the later 
works following the ‘critical couple raelliod* the over-all experimental 
accuracy perhaps never exceeded i to 3%, the main uncertainty lying in the 
field stabilization and measurement, crystal purity and perfection and accurate 
torsion determinations. 

According to Van Vleck *s later theory (1939) direct and the indiiecl 
effects, — particularly the latter. '—of the long range asymmetric crystalline 
electric fields on the paramagnetic ions are not negligible in comparison with 
with the short range ones. In fact, the indirect effect may be sometimes 
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comparable with and even predominant to that of the latter, and in general 
these two effects arc superimposed to give the total asymmetry of the Jahn 
Tellei clusters aliout the paramagnetic ions. For a given paramagnetic 

ion the effect of the asymmetric long range fields ^hould vary from salt to salt 
and to delect such an effect accurate values of ihe magnetic anisotropies and 
their temperalnre variations v\ould he most useful. In view of this the present 
redeterm illations have been undertaken to improve the accuracy to o.i% or 
better of the anisotioi^ies of a large num])er of scits. A luunbcr o-f new salts, 
interesting from magnetic and structural view i)oint, not previously measured 
are also included 're’nperature variation lueasurements over a wide range 
are neaiiiig completion and theoretical discussions of the pi csciil results are 
left over till then. 

j 1 M I* R < ) V ic n N T s T N '1' II n n x i» n i< i m h n t a l m ic t h o d s 

Tile principle of the nietlio I for anisotropy measurement is the same as in 
the latei works of Kiishnnn cl al and need not be described in detail. It 
depemls on the measurement of tlie critical torsum angle of a fine quartz fibre, 
attached al the upper end to a torsion head and with the crystal al the lower end 
lilaced in a homoeeneoiis horizont d magnetic hell //. In the position of 
unstable e(]uibbrium of the crystal under tlie opposing couples due to the 
fibre and tlie field tlie condition is given by 

AX' = X — 

cos zrr,. nil]' 

where sin = Ax the magnetic anisotropy of the crystal in the 

honzontal plane, M is the gin molecular weight of the crystal of mass rn 
and C is the torsion constant of the quartz fibre. 

Tlie values of M are obtained from the International Critical Tables on 
the basis of the molecular formula oi the salts, which might differ appreciably 
from the stoichiometric prd|)ortions of the containing elements only in the case 
of imperfect crystals containing sufficient occlusions of mother liquor or other 
impurities. Such cases were siimmaiily rejected. The salts taken were 
always of the analytical (lualities of Kahlbauni, Pb Merck (of these two we 
had some pre-war stock in our laboratory) or Malinckrodt or B. D. H., or else 
prepared by ourselves from such analytical quality starting materials ie.g., the 
fluo-saltsV The salts were recryslallized twice or thrice using double 
distilled water and were ahvays tested for the final purity. The final 
crystallization was done in a qiiit-t, dust free and vibialion-proof chamber, by 
moderately slow evaporation of a nearly saturated aqueous solution. It was 
unfortunate that our resources did not allow us to have an air-conditioned 
room. The best of the crystals were chosen first with a magnifying glass and 
then under a petrographic microscope. P^inally, goniomclric ineasureinr^nt 
was done test cases which agreed very well with the standard data for these 
sails. 
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The mass of the crystal varied between o.r and 0.05 ftfm and was deter- 
mined accurately to 0.1% or better with a calibrated Biingd balance ^^ivins a 

direct rider reading to o.i mgm and by oscillation to 0.03 mgm The 
weights were corrected for buoyancy of air. The method of accurately 
determining T, the torsion contain of the quartz fibre has been discussed in a 
previous i)a per by the author (1953^ Ihe accuracy of wliicli is 0.1% or 
belter. 

3. C O N T R O h AND M D A S IT R R M R N T ( ) V T H 15 U A Ci N R T I C 

1' I n b D 

As equation (i) involves the square of the field H, much imi)roveinent 
upon the usual method is called for to arrive at an accuracy of about 0.05% 
in its measurement. The value of the residual field and the initial state of 
magnetization of the magnet core and the pole pieces decide to a large extent 
the final total field when the magnetizing current is established. To arrive 
at a steady initial condition of the magnet for a given final magnetizing 
current a reversing switch with a rheostat is arranged in the magnet circuit 
and the core and pole pieces are subjected to several hysteresis cycles 
before the final current is established. The current for the magnet was 
taken from a special 10 kW 220 V d.c. compound wound generator 
on which uo other load was allowed during these measurements. The 
huge self-inductance of the magnet was by itself a stabilizing factor. The 
current was read 011 a calibrated 5" mirror-dial Weston ammeter of 5 ampere 
range, the fine needle of which touching a desired scale-division was ob.served 
against the cross-wires of a low power microscope. Fluctuations of the current 
could thus be easily detected to 0.5 niilliampercs, i.o., 0.01% in 5 amperes. 
No low frequency fluctuations were observed by us. But very slow drifts by 
about 10 milliamperes occurred ovei 8 to 10 minutes, perhai)S due to heating of 
the circuit and other causes. More toublcsome were sudden kicks by about 
o.i ampere, probably due to fluctuations iu the 440 a.c. mains. If such a 
kick occurred at the moment when the crystal to be measured has been rotated 
nearly to the unstable position in the field, very often the result was to make 
the crystal spin round prematurely. The result of such an observation was 
foithwith rejected. Otherwise all variations in the current were controlled 
to a nicety with the help of a fine-wire screw motion sliding contact rheostat 
placed in the circuit. Paiticular check on the exact value of the current was 
kept near the unstable position. 

Before the actual measurement of the field was carried out the unformity 
of the field over the central region of the pole-gap was checked. The pole- 
gap was 4 cm between 10 cm x 10 cm flat non*tapeied pole pieces made 
parallel accurately to i/iooo mm. The exciting current was 4 amperes. The 
method was to measure the critical couple on a very well-developed crystal of 
CUSO4. sHaO, about 4mm X 3 mm x 2 mm (the anisotropy Ax with the c 
axis vertical, as measured by Krishnan and Mookerjee (1938) to be 
6 — 1852P— ^5 
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observing the crystal through a telescope arrangement described later. But 
small additional uncertainties may arise in both the initial and final positions 
due to residual field, anisotropy of shape of the crystal, eccentricities of 
mounting of the crystal and the torsion head, etc. Elimination of the 
anisotropy of shape is discussed in a later section whilst the others are 
eliminated completely by taking the mean of the clockwise and anticlockwise 
rotations of the torsion head. Ihe final position is also veiy much dependent 
upon the fluctuations in the magnet field (also discussed later), quick and vet 
smootli operation of the torsion head during measurement, etc. A moderate 
rotation of the torsion head by two revolutions, say, could be smoothly given 
in about a minute without making the crystal oscillate much near the critical 
position. Actually, several readings never differed by more than o.i% and 
their mean was taken, o-^ is a small correction term for large angles of 
toision and is less than o.i% above 680 For smaller angles it becomes 
api)reciable and can be readily calculated with a sufficient degree of accuracy 
foi our purpose. 


6. ANISOTROPY OF S H A P K AND IT S K L I iM 1 N A 1’ ION 

The anisotiopy of shape in crystals of representative members of the 
'futtoii salts was estimated by grinding out thin plates measuring about 
10mm X 6111111 X imni and determining their anisotropy in air and again in a 
balancing bath of the same mean susceptibility, following the method of 
Krishnan, ci al ''I933) for determining the anisotropy of Mu * and 
salts. For cobalt, iiou and copper salts the anisotropy of shape even with 
such high asymmetry of shape was found to be less than 0.1%, whereas for 
nickel salts it amounted to a few parts in a thousand, of the true magnetic 
anisotropy of the crystal. For example, a NiS04, 6H2O crystal, about 
(I'^mm X 12mm) X mini thick had an anisotiopy of 81.3 x in air and 
80.8 X lo”^ in the balancing bath. Our actual crystals were chosen to have 
developments to comparable extent on all sides as far as possible to minimise 
this effect. However, in such cases as above balancing baths were always 
used in subsequent measurements. To use crystals in the form of discs would 
be a good procedure for many puri)C)ses, but for the i)resent we avoided it in 
order to miniinise (a) errors in locating the axes of the crystal and hence 
measuring the orientation of the crystal in the field directly and (b) chances of 
contamination, both of which may be considerable. 

7. measurement of 0 AND 

For monoclinic crystals in addition to the principal anisotropies the 
angles between the crystallographic a axis and the magnetic axis and that 
between c and Xi axis denoted by 0 and ^ respectively which are connected by 
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the relation ^ + ^ + 7r/a = /3 according to the notations adopted by Krishnan, 
was also measured in an improved manner than the earlier workers, as follows. 
A NiS04, 6H2O crystal belonging to the tetragonal system with large well- 
developed c (ooij face was mounted with the tetrad axis horizontal, and the 
torsion head adjusted till the crystal was under no torsion in the field. This 
position can be obtained without much difficulty to within o.i^ taking into 
consideration the slight uncertainty due to the residual field and the limita- 
tions of the reading of the vernier torsion htad. The lami) and telescope, 
previously arranged to view the crystal liorkontally approximately normal to 
the direction of the field, was then adjusted so as to get the image of the 
filament of the lamp over the cross wire, being reflected by the ( face of the 
crystal which set itself along the field. The orientation of any vertical face 
with respect to the field, of any other crystal also, could then be determined 
quite easily. For example, in a iiionoclinic crystal suspended with the b axis 
vertical the angle between the Xi and a axis (that is go- 0 ) was directly 
determined in magnitude with an accuracy of 0.1". The sign of 0 was 
determined by noting the position of any other (hoi) plane with respect to the 
direction, since according to conventions 0 (or is taken as positive when 
it lies within the monoclinic angle othervvi.se negative. was then 
calculated from the previous relation or measured directly if the crystal had 
suitably developed faces. 

For monoclinic crystals the three usual modes of suspension were used : 
(t) b axis vertical, giving 

(2) 

(//) a axis vertical, giving 

± { y (3) 

and (/it) (001) plane horizontal, giving 

Ax=± ^ (X,-X,)cos’^-(X,-X,) ^ (4) 

the + ve or — ve sign being chosen according as the (b) axis lies normal or along 
the field. 

For orthorhombic crystals suspensions along the principal diad axes 
a, b, c were used wliilst for tetragonal or trigonal crystals the tetrad or the 
triad axes were suspended horizontally. 

The data recorded below represent in all cases the mean value for at least 
five crystals agreeing with each other to within 0.3 to 0.1% or better. The 
temperature of measurement varied from about 25® to 30*’C but they have 
been converted to 300® K from the slopes at this point of the temperature- 
anisotropy curves of Bose (1945), Guha *^195^) from autlior s own measure- 
ments to be published elsewhere. 
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Tablk I 

Magnetic anisotropy ( x ro~®) of crystals at joc^K. Figures within 
parentheses denote the values obtained by the p’^evious workers referred to 
against them. 


Crystal 

C'rystal 1 
class 

1 X1-X2 

Xl~X 3 



Refe- 

rence 

1 . 

Kil'-etSOPj, 6II2O 

Mono- 

i6q6 

I 

-279.C 

-43.4 

+ 57-9 



clinic 

(1841) 

(-314) 

1 

(-43 8) 

(+ 58 - 3 ) 

1 

2. 

(Nlldal-'etSOilj, 6H.2() 


2179 

180.1 

■' 37-4 

+ 53-4 




(2S«2) 

(213) 

(-37) 

(+ 54 ) 

I 

3 . 

FeS 04 , 7H2O 

*» 

I 166 

1143 

-8.1 

4-22.4 



(1289) 

(1270) 

(- 7 -. 5 ) 

(4-22) 

1 


K 2 Co(S 04 ) 2 , 


2432 

1772 

+30 5 

-15 6 




(2532) 

(l« 32 ) 

(+30 5) 

(-IS .5) 

1 

5 * 

(NIl 4 ) 2 Co(S 04 ) 2 , 6H/) 



1543 

f-60.2 

-43.3 





( 1023) 

(1541) 

( + 60) 

(- 43 ) 

1 

6 

CoSO^, yHjO 


1823 

056 

+68.6 

- 54-6 




(1928) 

(1094) 

( + 69 1) 

(-54.4) 

I 

7 - 

K3N?(vS04)3. 6II2O 


131.2 

130.5 

•4-26.7 

-II . 4 





(158) 

(165) 

(■4-27) 

(-12) 

1 

8. 

(NHdaNi (SOdj, 6H2<> 


<) 3-8 

Q1.5 

4-31.0 

-13.4 




(110) 

(106) 

( + 3>1 

(-14) 

I 


RbjNitSop,, 6 H ,0 


1433 

1368 

+ a 7-5 

— II. 4 




(144) 

(J37) 

(+27.0) 

(-11.0) 

2 

lO. 

TI,Ni(.SOdj. 6H2() 


»i.» 7 

107 4 

4-26.5 

— 10 1 




(114) 

(108) 

( + 27 3) 

(-20.9) 

2 

1 

11. 

CsjNUSdi)*, 6H.2O 

»» 

132.2 

126.1 

4-27.1 

— 10. 1 




(* 34 ) 

(127) 

(4-27.7) 

(-10.7) 

2 

12. 

NiS<l 4 , 7H2O 

< )rtlior- 

1 x«.~x«» = 

159.0 

X..-Xc=i 

ji 9 



homic 


(169) 


(49) 

I 





(163) 


(35) 

4 

^ 3 - 

NivSO^, 6H*t) 

Tetra- 

Xi-Xii = 

80.8 




gonal 


(109) 



1 





(83) 



4 





(81.6) 



6 

M. 

KjNitSeOi),, 6H,0 

Mono- 

127 3 1 

107.2 

+ 31 0 

-16.5 


clinic 

(146) 

(146) 

(+47-5) 

(-13 0) 

t 

15 - 

(NHdjNifSct^Pj, 6H*0 

ft 

92.0 

796 

+38.1 

-22.1 



(116) ; 

(96) 

(+44 4 / 

(-27.9) 

2 

i6. 

RbjNilSeOi)*, 6«jO 


136.5 

117.0 

+ 28.0 

-12.7 




(I.S 7 ) 

(T 47 ^ 

( + 28.2) 

(-12 9) 

2 

17 . 

TljNi (Se 04 ).j. 6HjO 

»• 

122.5 

u6 5 

+32.7 

— 17.1 



(12.5) 

(iiS) 

( + 32-7) 

(-17-1) 

2 

i8. 

CsjNi(Se(.) 4 ) 2 . 6H2<) 


131S 

no 7 

+285 

- 11-3 




(164) 

(135^ 

(+ 33 - 8 ) 

(-176) 

2 

19 - 

NiSeOi, 6HjO 

Tetra- 

Xi-X« = 

86 6 





gonal 


(90) 



2 
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Table I—contd 


Crystal 

Crystal 

class 

X1-X2 

^1-xj 

6’ 


Refer- 

ence 

^0. 

KjNi(I!eF4)ii, 6H2O 

Mono- 

132 1 

128.5 

+ 28.5 

-13 -I 




clinic 




21 

(NH4)5jNi(UeK4)3. eH^O 

>» 

105 8 

lOI.l 

+ .29.2 

~I2 5 

2 




(107) 

(106) 

(4-31-0) 

(-M 3) 


22. 

RbjjNi(BeF 4 ) 2 . 6H,() 

•• 

122.3 

118.4 

-f 27.1 

-10.8 


23 

TIjNiincIVs, 6H2() 


121, 

117.9 

4-26.9 

-11. 1 


24. 

C.S2Ni(BeF.,)2. 


117-3 

II5.2 

-f 26 2 

-9 1 


25 - 

NiSilffi, 611 ./) 

Trif^onal 

Xii“Xi = 

18.J8 




2^^ 

KjCiilSO,)^, 611./) 

Mono- 

322 3 

72 4 

-.S8.1 

- 77-4 



clinic 

( 3 ^’?) 

(74) 

(-88) 

(-77 5) 

1 

27 

{NH4),Cu(!^04).^. 611 ./) 


285-7 

67.6 

- 60.1 

4 - 75-0 





(J.K.) 

(62) 

(~6 j) 

(+77) 

1 

28. 

Rb2Cu(S()4).;, bn/l 


329-7 

94.2 

+847 

-69. 




(35 d 

(joo) 

(+K6.J) 

(-704-0) 

2 

29. 

T 1 ,Cb(S <)4 .,, fiHjO 


3 ''» 2.5 

84 9 

4-88.5 

-73.1 




(283) 

( 7 )) 

i-m 2) 

(-72.6) 

2 

3 '> 

CsX'n(. 8 () 4 ). 2 . 6H/> 


329 7 

111.2 

+879 

-71.8 




( 334 ) 

(114) 

(-fSS.i) 

(” 7 i 9) 

2 

3 i- 

K/:u(Se(),)2 

f > 

3 3 

III. 8 

-61 ^ 

4-74-0 



(3^7) 

(95) 

(4-66.9) 

(-53-5) 

2 

32 

(NIl4)_Cu(So()/.2, 6H/) 

„ 

322 0 ' 

HI. 6 

-52 1 

-1-68.0 




(353) 

(iiS) 

( -Si-z) 

• f66.7) 

2 

.33- 

RbgCnfSeO^la, 6H/) 

*> 

326 3 

77 I 

-86.5 

--78.8 




(354' 

(78) 

(4-88.0) 

(-73-3) 

2 

34- 

T).^Cu(.Sc() 4 l 2 6TT2(> 


305 1 

71 3 

-87.5 

-77.6 




(328) 

(22) 

(4-873) 

(-72 3 ) 

2 

35 - 

K2C11CI4. cH/) 

Tet ra- 

X| ~X(I “ 

?6o. I 




tional 

(208) 



3 




(263) 



5 

3^ 

{NH4L;CuCl4. 2H2O 


» * 

2.S5-3 






(260) 



3 





(258) 



5 

37- 

Rb.CuCl, 2H/) 


• 1 

254 6 






(265) 



3 





(262) 



5 

3«- 

{NIl4)2CuBr4. 2H2O 

>• 

•• 

235-5 





References : i. Krishnan, Chakravortv and Banerjee (1933). 2 * Krishnan and 
Mookcrjec (1938), 3. Krishnan, Mookerjee and Bose (1939). 4 - Mookerjee (1946), 
5. Mookerjee (1945)* Stout and Gricffel (1950)* 
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8 1) I vS C TT S vS I O N S 

Without going into theoretical incerpretatioii of the above data at present, 
several points of interest relating to them may be mentioned. A glance at 
the table will show that the values of anisotropy obtained by the 
present author are considerably at variance with those of Krishnan, 
Chakravorly and Banerjec (1933) whose values for iron, nickel and copper 
salts arc iipto 20% higher in some cases. This may possibly be due to the 
“oscillation’* inetlu) ! being not sufficiently accurate. The values given by 
Krishnan and Mookerjec (1938) ate more near to the present values, though 
almost systematically high by a few per cent. This might arise due to their 
value of magnetic field being slightly in eiror (about 1.5 to 2%) on the 
negative side. The values of 0 and however, in all cases agree quite closely 
with the previous values, except in the case of K2Cu(Se04)26H20 for which 
the previous workers gave : 0 = +66.9*" and tis against iho'^e of 

the present author : 0 - “61.5'' and ■+"7'1.9''- Obviously, the difference in 
sign in the two values of 0 Is of significance and explains the discrepency 
pointed out by Hlcaney ct al OQ49) between the value of yp obtained by 
Krishnan and that from their own paramagnetic resonance expcrimenls, 
namely + 73"". The present author’s value is in agreement with that of 
Bleaney. 

It has been one of the objects of our researches in this laboratory to use 
the ])rcsent method for the determination of field strength using a suitable 
crystal of accurately known anisotropy. I'lie great advant.age of this method 
(which is, of course, restricted to homogeneous horizontal fields) lies in its 
extreme simplicity and accuracy. On account of the smallness of the size of 
the crystal in comparison with the search coil it may conveniently be n.sed 
even in very narrow spaces within the polc*gap ; different parts of the field 
may also be explored, as has been done in the present iiieasnremeiits. 
Crystals of CiuSO,,, 5H2O have hitherto been used in this laboratory and 
elsewhere icf. Selwood, 1950) for this purpose ; these crystals sometimes 
contain occlusions in the form of bluish white patclies, possibly of a basic 
composition. Moreover, they do not give reproducible values of anisotropy 
after stoiage for a few months. On the other hand, NivSO^, KavSO^, 6H2O 
crystallizes very well and is practically free from occlusions, flaw or strain, 
as revealed from their optical examination, and gives reproducible values even 
after long storage. These crystals arc also magnetically quite stable, that is, 
the change in ^ and V' are quite small over a wide lange of temperatures. 
These properties make the substance very suitable for measuring magnetic 
fields. 
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PEAK AMPLITUDE RECORDER FOR INVESTIGATION 

ON FADING 

By S. C. MAZUMDKR and S. N. MITRA 
Rksrarch Dkpartmknt, Ali. Tmdia Radio, Nkw Dkihi 

{Received fo) piiblicaHon^ May 3, 1054) 

Plate VII 

ABSTRACT. On pulsed transmissions, the different order ionospheric returns aie 
received at distinct time intervals and they aie represented as separate echoes. This paper 
describes an experimental arrangement which can select any one of these 'echoes’ and 
record its amplitude variation. 

I N T R 0 1) II C T 1 0 N 

Fading of a down-coming wireless wave lias opened an important field of 
study on the irregular structure of ionospheric layers. Ionosphere is known to 
contain irregularities in the form of ion-clouds and an incident radio wave is 
returned to the earth as a cone of waves after diffractive scattering from them. 
Their motion either with a steady wind velocity (Mitra, iQ^Qaj or in a random 
manner (Mitra, 1949/)) has been suggested to be the cause of amplitude fluctua- 
tion of down-coming waves. In order to investigate the prolilem, it is very 
necessary to design suitable experimental arrangement to eliminate the 
possible errors. On continuous wave transmissions, it is imtiossible to isolate 
the effect of motion of the ionosi>heric irregularities since the interference 
between the ground wave and several sky waves will always introduce some 
degree of uncertainty. On pulsed transmissions, however, this difficulty is 
easily obviated since the different sky waves are represented as separate echoes 
corresponding to their different paths. Thus, an experimental arrangement 
which can select any echo and record the variation of its amplitude is ideal for 
the purpose. Still there is another source of error. Very ficquently, a single 
wave comes back from the ionosphere as two split echoes due to magneloionic 
double refraction. The interference between these two echoes, when the 
resolution in the receiver is not sufficient, is liable to show fading wliich is not 
due to the motion of the irregularities (Mitra, A polarised aerial in the 

receiving system may be used when only one of the components will be 
received. Alternatively, a suitable wave-frequency may be chosen which 
gives two components distinctly separated when the fading of one of them 
could be studied. The present paper deals with the design of an experimental 
arrangement which could be utilised to investigate the fading on pulsed 
transmissions. 

experimental procedure 
In this section, we shall briefly discuss the main principle of the experi- 
mental design. It has been mentioned in the introduction that in order to 
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investigate the fading of a single echo, it is necessary to have suitable experi- 
mental arrangement which can record fading of only one echo in the presence 
of the ground pulse and the other returns. 

An electronic gate of variable width and variable delay is first generated 
employing conventional flip-flop circuit and phasing arrangements. The 
gate is then applied to the suppressor grid of a pentode mixer stage. The 
suppressor grid is normally biased to cut-off and no current flows through the 
valve. The positive gate pulse makes the valve conducting during its 
duration and the mixer behaves as an ordinary amplifier. Ionospheric signal 
received by a receiver on vertical incidence pulse sounding is then applied to 
the control grid of the mixer valve. The signal consists of the ground pulse 
and the successive ionospheric echoes and is viewed on a monitor oscilloscope. 
The gate pulse is also passed on to the oscilloscope for monitoring facilities. 
Now, the gate can be made to select any echo and the output of the mixer 
will contain the amplified echo-signal. Since the duration of the gate is 
adjusted to be very nearly equal to the duration of the echo, the mixer 
amplifies only the selected signal while the other portion of the received 
echo-pattern, including the ground pulse and noise, is left out. We, therefore, 
have gated signal and the outout of I he mixer at any instant will represent 
the amplitude of the echo whose fading is desired to be studied. 

bor recording purposes, the gated pulse is made to charge a condenser 
which leaks through a high resistance (time-constant = 0.25 sec). The 
voltage to which the condenser charges up depends upon the amplitude of the 
echo at any instant. Since the time constant of the circuit is quite small, it 
can follow rapid fluctuation of the echo-amplitude. A recording valve is 
employed which acts as a cathode-follower stage. The control grid of this 
valve receives the voltage fluctuation from the condenser and an Easterline 
Angus Recorder connected in series with the cathode resistance records the 
current changes in the valve, thereby representing the fading of the gated 
echo. A typical fading record taken in the experiment is shown in figure i. 



Fig I A typical fading record 


Pealz Amplitude Recorder for Investigation on Fading 253 

_ru^ _n. 



y 



1‘ig. 2 Block diagram — peak aii.plilndc recorder 



l'‘jg. 3 Circuit diagram— peak amplitude recorder 


R X r K R I M K N T A L DESIGN 

In this section, we shall describe the various component parts in the peak 
amplitude recorder. A block schematic is shown in figure 2 from which the 
Sequence of operation of the recorder as a whole could be seen. 

The peak amplitude recorder could be conveniently divided into the 
following parts : — 

Signal Circuit (figure 5)— It consists of a voltage dividing .input potentio* 
meter (R,,), one diode clipper (l^s) and ohe cathode follower (I ',»• The 
diode clipper is found necessary in order to limit the amplitude of the ground 
pulse when the recorder is placed near the pulse transmitter. If ground 
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l>iilse is absent or if is weak when the pulse transiiiittcr is situated at a 
distance, the diode clipper stage may not be necessary. In actual operation, 
however, the voltage divider R^i is so adjusted that the amplitude of the 
selected echo never goes higher than the clipping level (4.5 volts) 

Gate Pulse Gencratinf^ Circuit ^figure 3) — It consists of a phase-shifting 
network f-R,, R21 ^’1, C^) for providing variable delay in the gate pulse, a 
squarer (l^), a differentiatcr (6%, Rj) and a flii)-flop stage (1'2) fur generating 
the gate pulse. The various wave-forms at different places in the circuit are 
shown in figure 3. 

The phase-shifting network is capable of providing a shift of about 180®. 
Moreover, a phase-reversal switch (S,) has been incorporated at the input of 
the squarer so that the total delay in the gate pulse could cover nearly the 
whole of the cycle and therefore an echo occurring at any place in the cycle 
could be gated. 

The gate is generated in the following way : First a square wave of steep 
sides is generated by the squarer (FJ from the input sine wave. The square 
wave is then differentiated by C\ and Rj and sharp positive and negative 
pulses for triggering the flip-flop are obtained. The positive pulses are 
utilised for triggering the flip-flop (Fo) which works as a cathode-coupled 
multivibrator. When the positive pulse is of sufficient amplitude usual 
switching action takes place due to capacity-coupling between the plate of 
the left triodc section and the grid of the right triode section of F^. Thus, 
the left portion becomes conducting while the right portion is cut off. But 
the position is normalised due to discharge of condenser C5 through resistan- 
ces Ri2 and R,3 and the right portion becomes conducting, the left portion 
being cut-off till the arrival of the next positive pulse. Thus during each cycle, 
we get a positive gate-pukse at the plate of the right triode portion of Fa. 
Other values being fixed, the duration of the gate pulse depends upon the 
values of C., and as these co:npoiients determine the dischaige time 

of C.S (figure 3I . 

The Mixer (figure 3) — The mixer is a pentode where the received signal 
is applied to its control grid whereas the gate pulse is applied to the 
suppressor. The circuit proportions are such that clue to current flowing 
through the screen grid, the voltage drop in the c.athode resij-tor is sufficient to 
bias the suppressor to cut off. Now, the amplitude of the positive gate-pulse 
is about the same as the bias voltage and during the gate-interval, the valve 
behaves as a normal amplifier. When none of the echoes is made to coincide 
with the gate, the output contains the gate-pulse with its sign reversed. But 
when the gate-pulse is made to select au echo, we get a pedestal at the output 
of the mixer where the echo *sits’ upon the gate. 

The Output Circuit (figure 3) — The output circuit consists of a base 
clipper (F4) for removing the gate from the output of the mixer, one cathode 
follower (Vis) for charging the condenser (C,s) one isolating diode stage (Fe) 
for i>reventing the condenser from discharging through the cathode resistor 
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PLATE VII 



I'lg. 4 Fig. 'i 

Ci.ite Fc’ho I'.ittern 



Fig. 6 


First echo selected 


Fig 7 

Second echo selected 




Fig. 8 

Selected echo after clipping off the pedestal 
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(i?25. ^26). integrating R. C. circuit [C,„ for developing the control 
voltage and the last cathode follower (I’,) for recording the cathode current. 
The ‘no signal' current of the last cathode follower iV,) is adjusted by Rj,, so 
that iisai’y full-scale deflection (5 nia) is obtained in the recorder. Input to 
the grid of V, is tapped from R.,^ and the tapping point is kept fixed for a 
whole set of observations so that the current variation in this valve may be 
proportional to the echo-amplitude at any instant. 

A few photographs (Plate Vllj are shown to indicate the performance of 
the recorder. Figure 4 shows the gate generated at the output of To the 
width of which could be varied by R,,. Figure 5 shows an echo pattern where 
the first and the second reflections are seen. Figure 6 shows the ‘pedestal’ 
where the first echo has been ‘gated’. Figure 7 shows the second echo selected 
by the gate by adjusting the ‘phase-delay at the input of the ‘squarcr*. 
The base-clipper {V4) removes the gale as shown in figure 8 and the 
amplitude of the echo thus selected is then recorded in the Eastcrlinc Angus 
Recorder. 


0 0 N C L U S I 0 N 

The peak amplitude recorder has been designed and built to study fading 
on pulsed transmissions. The c(iui])ment was extensively used during 
observations of solar eclipse ou 25th February, 1952 (Mitra, 1953). A large 
number of fading records on different frequencies and at different times have 
already been taken. 
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CALCULATION OF PERTURBATIONS IN CERTAIN MOLE- 
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ABSTRACT. In tlii.s paper cxpres>.ious are derived for the course of energy levels 
at the point of intersection of two mutually perturbing molecular electronic states. The 
method of treatment is given in detail and applied to the perturbation 25— ^n. 

I N T R O D U C T I O N 

Calculation of perturbations lias Iieen carried out by a number of 
investigators previously for the cases of perturbations between singlet- 
singlet, singlet-triplet, triplet-triplet and doublet-doublet terms. The 
method employed by these invcstigalois, chief of whom are Ittmann (1931), 
Budb and Kovacs (1938, 1939] is invariably the wave mechanical treatment 
given by Krbuig (1928) and Van VIeck (1929). Budb and Koviics (1939) 
have extended this work for higher multiplicity terms in their calculation 
for the perturbation of a term by a second term. 

In this series of papers the writer proposes to present the results of 
perturbation calculations for certain electronic teiins such as 
*II — ‘‘II, ‘‘n — ’*n ami between those of higher multiplicity like 

quintets, sextets etc. The importance of these calculations arises on account 
of the possibility of detecting such terms in the band spectra of the halides and 
oxides of the heavier elements, Yt, Ta, Cr, Mn, etc. which are under 
investigation by the author and others in this laboratory. 


T II K 0 R Y 


The wave mechanical ticatnient of the diatomic molecule was given 
simultaneously by Van VIeck and Krbnig. The wave-function of a 
diatomic molecule with moving nuclei is given by the equation 


Ho- 


/r 


Srr’ilir’ 


1 - 

]dr 


.■|) + COtl 


,1 

de 




au)“ 


(i) 


where is the Hamiltonian of a stationary molecule and the other symbols 
have their usual significance. This equation cannot be readily solved as 
it is, but if certain small terms are neglected it can be split up iutowthe 
product of three functions 0, R and m, of which 0 is the solution of the wave 
equation for a stationary diatomic iiioteculc, R is the wave-function satisfying 
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the equation of vibration of the nuclei while u is the wave-function satisfying 
the equation of a symmetric top. The neglected terms are 


hH 


col ^(Px’^iPyP t ~lP*Py) + a cosec^P,, ~ 

Qw 



(2) 


and the high frequency part of the expression 


Sn^Mr^ 




0r 01^ R dr * dr 


Ru 


(3) 


The neglected parts can now be takSii into consideration by means of a 
perturbation calculation, treating the electronic wave-functions «/> as the 
unperturbed functions. The different types of the finer interaction terms 
when taken as the perturbing terms give rise to the different correction 
terms like A-doubling, spin-splitting in 2 states etc. The same procedure 
can also be applied for the case of the inegular i)erturbations occasioned 
by the accidental crossing or the very near approach of two unperturbed 
wave-functions. 

Van Vleck, in his work referred to above, has given expressions for the 
matrix elements of the total Hamiltonian formed with the unperturbed 
eigenfunctions <p. They are 



V, A, S ; n, 
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Here while the diagonal terms IF® are given, by 

C(n, V, /\ ] n,v, A) Ain, V, A ; w, v, A) A 5 + 1) 

+ ... (5) 


where in case of 2 states the factor (Kramer's spin-spin intei action term) 
is also to be added. The rest of the matrix elements vanish. 
In all these matrix elements the phase factors are omitted as, for the 
purpose of the calculations presented in this paper, only the squares of the 
absolute values of these matrix elements {i,e , HikHik^ — \ HaV) are necessary. 
However, it is to be remembered that 

Ly{n,2)-(-i) SL,(~n,2)and 
L„(A. A')=L*,(-A,- A') for A. A'=#o 

where the 5 in the exponent is even or odd according as the S state under 
consideration is positive or negative. 

It can be seen from the above matrix elements that they connect terms 
with All=o, ±i and A A =o, ± i and there are no matrix elements between 
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terms of different multiplicities. Hence the observed perturbations between 
tei ms of different multiplicities cannot be explained by this means. This is 
because in the above calculalions the interaction between the orbital and spin 

moments of the individual electrons [which is given by 5 ai(b 5 j)J is neglected. 
If this interaction is taken into consideration, it will not only alter the 
energies ii.e., the diagonal terms) by the small amount /I AS, but also 
change the unperturbed wave-functions slightly so that the new wave- 
functions are linear uonihinations of the old unperturbed wave-functions. 

► f 

iSince the matrix elements of connect terms with ^A=o, ±i, 

A.S = o, ±i and At2=o, all such terms have to be considered in taking the 
linear combinations. Thus, for example, for ^ (‘‘11^) can be written 
I a) = ( >" ( TIj) + 7 ,0" ("Si”) + (“S'l) + 

+ -1- + ... (7) 

where the unperturbed functions are denoted by </> ’ and the perturbed ones 
by 0 , and the dots denote the other terms. Tiie constants r are given by 
equations of the type 

It can also be noted that for the first order of approximation C' can be put 
equal to zero while second power terms in r can always be neglected wherever 
they occur. Using these peiiurbed wavL-funclions the matrix elements of 
H are given as linear co nbinalions of the above unperturbed nuitiix elements 
ii®. Thus, for example, the following matrix elements can be written down 
from equation ( 7 ) and similar equations for 0 and 0(*rii;. 

HV^Si, = =IIil4 rH CSi.nij + rsr.H (‘Hi, ^Ai) + ... (ga) 

^ni) = H''(^2i, -TIi)4-rV/'^(HIi, •^Ai)+ ... igb) 

Here r, are the approximate mean values of r*. In equations of the type 

(ga) second order terms in r can be neglected while in equations of the type 

(gb) even first order terms in r can be neglected. 

Once the matrix tl'.nients connecting the different states under consi- 
deration have been determined, the secular equation can be easily formed 
and the perturbed energies obtained by solving the same. The method of 
solving the secular equation is explained in detail for the perturbation case 
*2 — HI discussed in this paper; for the others the main results alone are 
reported. 

C .\ h CU U A T I 0 N S AND RESULTS 

The different scales that have to be taken into consideration for the 
-.HlperliubtUionare *2-^, "Ilr./.i, "Hjiri, HI^, H'-a/a, H'- 

ir^ where by TlandTI' are repicseiiled the slates with A positive and negative 
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respectively. In this as well as in all other cases of perturbations the 
secular equation formed with wave-functions of this type can always be 
split up into two lo.ver order equations under the transformation of these 
wave-functions into new functions 0 / and 1>a' such that 


0,'(A. 2) = 2-i[^(A, 5)+^(- A.-S)]| 
02'fA. S)-2-*[^(A, S)-0(- A,-S)1 ( 


( 10 ) 


The new wave-functions and (p^ are identical with the Kronig symmetric 
and antisymmetric functions and possess the property that they go over into 
themselves (either with or without a change of sign) under reflection at the 
origin of aU the coordinates concerned. In all the calculations below all the 
matrix elements will be given only after* such a transformation has been 
effected. Numbering the new eigenfunctions from i to to with the first 
two representing the 5 states, the various matrix elements are obtained as 
follows : 


IV^ = PF? = ;iv(s, II) + Bn [/(; + 1 ) ~ -V""* 1 + M n) 

+ Bn[/(7 + i) + J]+M 

1^0 ^ ^ H; + B n[/(/ + I ) + V ] - 4^ v(2, II ) 

+ Bn[;(/-fi) + |]-|^ 




Hi°4*=^^28 

= [l±(-lP]0»v'(/ + i)(/-i) 

II 

•“[i ±(-i)^]{Mi + ?'»^7 + il} 


= lo 




= [i±(-i)“]{/^i-^'2(7 


and HV. 

here <t>i, /*i and arc constants independant of J and depending only on 

the electronic structure of the molecu'e. 

^^jth these matrix elements the lOth order secular determinant breaks 
up into two fifth order determinants, each of which can be separately equated 
to zero. These determinants are identical in ali respects except that one 
of these contains only positive terms while the other contains only the 
negative terms for eacli 7* Hence only one of these is solved here since 
exactly similar eq titions apply to the other case also. 


2 — 1852 P — 6 
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The form of this secular determinant is 


■'i; (■ IF',' - IF 
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HA 

JT 

0 ; 

: w^^-w 

Hh 
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0 



IF2-IF 


0 


0 

HA 

IF.^-IF 

^ r»« 

[Wf?, 

0 

0 

H 6 

^ 1)5 

- IF 


Now we transform this matrix with a unitary matrix S so that in the 
transformed matrix (H = S*^H^S) the *11 portion becomes diagonal. The 
eigenvalues of the "*11 state in the general inleDiiediate case of coupling are 
given by Brandt (1936;. If these are denoted by IV';,, IV\, IV':,, and W'^ 
then the elements of .S are given by 


•Si* = [s3t+S4*+4i +«*]*' (', fe = 3, 4. 5. 6) ^ 

s4* = -nr,-rF*)[(rF',-rr*)(ire-iKx.)-3(/+.])*J i ( 13 ) 
55 *= 2 [( 7 -^)(;+ 3 )]' I'K w's - w,){w>,. - IV,) 


Further Sn = i and the remaining elements of 5 are zero. If the ‘‘II state 
belongs to case (a) the S matrix becomes a unit matrix, while if it belongs 
completely to case (b) coupling the S matrix is given by 


/ 3/-3 y /3(?L~J1Y ( 3(^/+3) (•'ly-alV / (a7+ 5)l2/ +3> V 

V / V / \ i6f(2/-i) / \ i6/(2/-i) / 

( 3 ( {±L> \* / V ( - ‘=“^+3) (*/-7)* V ( 3(2/ +5)(^;+.i )(2/-.i)V 

\ I j+l) ) \l6(f + l)(2/+l)/ \l6\j+l)(2}+l){2]-l\f \ieil/ f l)(2/ + l)(V/-l)y 

/ 3(z^+ ‘)V/ y / (2l+9l»(2/-i) \* / 3(27 + 5 ) — V 

\ 167 / \ i 6(27 + i )7 / \ i 6 ! 2 /+ 3 )( 27 +- i ) 7 / \ 16(27 + 3 ) 127 + 1 )/ /' 

( 27+5 / 3(!!7±S) V / 3 (27'KsU27-i> \* / (27-i)( 2/-3) y 

\i6{J+i) J \i6(7t-j)/ Vi6(2/+3)l7+i)/ V 16(27+3)17+1)/ 


After the 

transfol mation the secular 

equation can be represented by 
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where H,*=S** 4 H ?4 + S*t 5 H? 3 +S** 8 H?o. and 
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Now it can be shown that at the crossing point of two levels (say, the 
levels i and k) the effect of all matrix elements except those directly connect- 
ing these levels (Hit and H^,) is negiigible. Hence for the calculation of 
the perturbed energy values in the immediate neighbourhood of the crossing 
point of two levels it will be sufficient to diagonalise just this part of the 
secular determinant. Thus we have for the perturbed energy W\ and W' t 


IV' i 
W't 




± 




+ Hi 


(i6) 


For the present purpose i—i and /c = 3, 4, 5, 6. 

On solving the second determinantal equation the same final equation 
will be obtained excei)t that here 1 — 2 and /v = 7, 8, q, 10. Thus we see that 
one set of the A components of the stale are perturbed only by one 
component of the ^2 state, while the other set of the HI components arc per- 
terbed by the remaining component of the “2 state. 





Fig.i 


A diagrammatic representation of this case is given in figure i, where the 
energy levels W are plotted against /(/h-i). The figure is not drawn to 
scale but the relative magnitudes of the various peiturbations are qualitatively 
correct. The thin lines represent the unpcrtuibed levels while the thick 
lines represent the perturbed levels. 
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Plate VIII 

ABSTRACT. The distortion produced by an electromagnetic lens an electron 
microscope has been niea^-ured in differert pArts of the image' field. bVoin the data 
obtained, the distortion coeftlcient of the lens has been evaluated, and compand with similar 
values obtained by other woikcrs. 

1. INTRODUCTION 

It is a familiar experience to all workers in electron microscopy, that at 
low settings of the projector lens, the final image is seen to stiflfer from 
pincushion type of distortion. A set of electron microgra[ihs of a 200 mesh 
metal gnd is reproduced in figure i. Here the projector lens power and hence 
the magnification increases from left to light. Pincushion distortion is seen 
to be very prominent in frames of lower magnifications where the peripherial 



Fig. I 

meshes are found to have elongated shapes. At low magnifications, therefore, 
the distorted image gives an erroneous representation of the shajic and size of 
the object being imaged. 

Occasions, however, often arise, o,g. for working with fairly large 
specimens, when one is constrained to work at low projector magnifications in 
order that the whole of the magnified image may remain within the final field 
of view. Under such conditions a knowledge of the amount of distortion in 
different zones of the image field is of essential importance in order to get a 
correct appraisal of the true size and shape of the specimen under 
examination. 

An estimation of distortion is also of importance in lens designing in that 
by experimenting on pole-pieces of various designsi one can find out from the 
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experimental data the values of the distortion coefficient of different pole- 
pieces. By correlation of values of distortion coefficient with the lens 
parameters one can ascertain the optimum design parameters for pole-pieces of 
ininimum distortion. 

2 T H B O R Iv T I C A h C O N S I D B R A T I C) N vS 

In electron microscopes using only one projector lens besides the objec- 
tive, the distortion is contributed solely by the projector lens (Zworykin et al, 
1948}. The aberration, resulting in a lateral shift of an image point from its 
true geometric position, can be expressed thus (Zworykin et a/, 1948) : 

dr^SpiMofor U) 

Vv here iff is the displacement on the final field of view of the image point 
whose conjugate distance from the opiic axis referred to the cbject plane is 
re, Sjt is the coefficient of distortion and M„ is tlie magnification due to the 
objective lens. Since the lens field has rotational symmetry, the displacement 
is mostly in the radial direction. 

The magnitude of distortion a n be found out by following the method of 
Hillicr (1946) with a little modification. 'I'he method is briefly as follows: 
The specimen chosen is a leplica of a grating whose constant is accurately 
known. Let 0 be the point of intersection of the optic axis of the projector 
lens on the final field of view (figure 2). The co-ordinates A'OA' and YOY' are 



drawn such that the X-axis lies along the direction of the grating lines on 
the final field of view. The specimen is moved about and locked so that one 
grating line lies on and along the X-axis. Let ABC be another grating line 
which has suffered distortion, and let DEF be the line which would have been 
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the geometric position of / 1 had there been no disioration. An arbitrary 
point A on /IZ 3 C is joined with (). vSdice the distortion is mostly radial, the 
point is the true geometric position of point A, Calling the distances 
^Q) OR and OA as respectively y, y\ i and r', it follows from the 
geometry of the figure that 

(2) 

If ABC, the line chosen is the line from the centre, and if the grating 
constant Gr and overall magnification Af of the microscope be known, then 
evidently, 

/ and y' in expression are directly measiireable on the final field of view 
or can be measured conveniently on a inicregraph. Hence / in expression »2) 
f.e, the true undistorted distance corresponding to ?' is found out. d'he 
difference r'—\~dr is the amount of distortion corresponding to the olxserved 
image point .1 situated at C as seen in the final image. By choosing 
systematically sevend image points, their true geometric i>ositions and 
thcT corresponding amounts of distc/rtion can therefore, be easily found out. 
By ph>tting r and dr against r, curves are drawn to give immediately the 
distortion in the various zones of the final image field. 

From the results thus obtained the coefficient of distortion is ascertained 
as follows ; vSince dr-SiAl \ and we have, 

(;) 

where M,, and M are the objective and projector magnifications respectively. 
Since dr corresponding to r is already ascertained, Sp can be calculated if 
M;; is known. An accurate knowledge of Mp is therefore required to be 
known. Then, by plotting dr against fr/M;,) a straight line can I)e drawn, 
whose slope gives the value of Sp. 

3. B X V E R I M E N T A b M E T HOD AN D J< E .S V J, T S 

(i) Magnitude of distortion- 

A collodnm replica of a grating of constant 1.85/^ was mounted on a 
microscope grid. By proi)er manipulation of the object stage movement, a 
grating line W'as made to lie such that a straight grating line w'as obtained 
at the centre on the final field of view, ^licrographs w'cre then made and 
the beam voltage and the objective and projector currents were noted. A 
typical micrograph is reproduced in Plate VIII. 

The microscope was then calibrated with polystreiie latex for overall 
magnification with these voltage and currents. This magnification multiplied 
by the grating constant, gave the magnitude of the spacings for a distortion- 
free geometric image, from which the value of y in expression (3) was found 
out. The values of r' and y' were determined from the grating micrograph. 
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determined. The value of r/M^ was then calculated, from which, by 
substituting in expression (4',, Sp was found out. dr was next plotted 
against {rjM„Y and a mean straight line was drawn (figure 4). The slope of 
the line gave the coefficient of distortion S,.. which was found to have the 
value of 6.42 X io‘\ 



Fig. 4 

DISCUSSION 

From figure 3 which gives both r anb dr as a function of r' one can 
ascertain at a glance the true geometric position of an image point whose 
apparent position is knowm on a micrograph or on the fluoscent screen, and 
also the amount of distortion. The.se two curves therefore are of immediate 
practical importance. From curve II in figure 3 which gives the distortion 
as a percentage, it is found that the distortion remains to within 10% upto a 
distance of 2.5 cm. from the centre. 

If, after Zworykin ei al (1948) it is assumed that Sp can be expressed by 
a formula of the following type viz., 

Sp^Mp.CiD^ ... ( 5 ) 

w^here C is a lens con.stant, we can determine the value of C of our lens from 
the knowledge of D, the clear diameter of the pole-piecc, and M p, the lens 
3- 1852P—6 
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magnification. For our case, .S/)=6.42 x lo’, D--o. 195 cm.. M;>=6s, so that 
C = 3.75. This value is to be compared with the value of 2.2 estimated by 
Zworykin el al (1948) for a cylindrical lens. 

ACKNO\VI.,RDCMENTS 

The authors vvisli to express their sincere thank to Professor M. N. Saha, 
I’'. R. S., for his kind interest and to Prof. N. N. Dasgupta for his helpful 
guidance. Thanks are also due to the Ministry of liducation, Government 
of India for financial aid. 


R It F K R E N C R S 
llillitr, J. 1946, J. App. Phys , 17. 411. 

Zworykin, V. K. anil others, 1948, Electron Optics ami the Electron Microscope, 
1st, Ed., p. 639, p. 640. 



83 
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ABSTRACT -The case of atomic nitrogen as one of the possible constituents for 
Region Fj is studied by examining simultaneously the problem of dissociation of molecular 
nitrogen and that of the ionization of the resulting nitrogen atoms. Th(‘ dynamic condi- 
tion of the atmosphere is taken into accouut. It is shown that the maximum of ionization 
produced as a result of photoionization of atomic nitrogen lies between 150 to 200 km, for 
overhead sun, the best value being SLinewhere around 170 km. Further to give adequate 
ionization for the TVlayer, the concentration of atomic nitrogen at the height where 
diffusive separtion takes place need not be larger than to»(N2)- 

Possible contribution from the ionization of atomic oxygen at third ionization potential 
is also discussed. 


1. I N T R O I) U C T 1 0 N 

An attempt has been made in the pre.seDt paper to examine in some detail 
the case of atomic nitrogen as an active constituent for Region This has 
been considered necessary because of the fact that, although some half a dozen 
theories have been advanced so far, none has been found entirely satisfactory. 
The atmospheric constituents present in sufficient number at the level of 
the Fi«region are atomic oxygen, molecular nitrogen and possibly atomic 
nitrogen. Of these, the evidence 01 Iwi ighl spectra precludes the possibility 
of 'N./ (Bates, 1949), while atomic oxygen (at the first ionization potential) 
gives an ionization maximum at the wrong location somewhere between 
the E and F, -regions (Bates and Seaton, 1950). 

Jn the past, there has been a temlency to overlook possible ionization 
through atomic nitrogen. This was 110 doubt due to the general belief that 
the dissociation efficiency of N2 is very low outside the auroral zone. This 
belief was fostered partly by the absence of a simple photodissociation process 
for Na analogous to that of Oa, and partly by the presence of molecular 
nitrogen spectra at the very high levels seen in sunlit aurora. The latter, 
particularly, made it difficult to believe that atomic nitrogen can be a consti- 
tuent of the upper atmosphere at normal times to any degree of impcriance. 

* The research reported in this note has been sponsored by the Ocophysical Research 
Division of the Air Force, Canibric'ge Research Center, Air Research and Development 
Command under Contract AFi9fi22)~ 44 - 
f Communicated by Prof. S. K. Mitra. 
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Such objections have, however, been removed in recent years by the discovery 
of atomic nitrogen lines in airglow, (Courtes, 1950; Dufay, 1951) by the 
realization that atomic nitrogen may be i)roduced appreciably by the 
dissociation recombination piocess (Bates, 1951 ; S. K. Mittra, 1951} 

A < 795A 

No + hv >N2 + (XO 4 - r 

No 4 - (XO 4 c >N(2P, 4 - N(2/;) 

and, at low heights, by tlie llcrzberg-llerzberg process (1948) : 

n 50 1 2 so A 

N24- /iv — >N2(a’a,)— >N +N, 

and the suggestion that may also be formed by N 4 *N'^ — (Nicolet, 
Pastiels, 1952 ; Nicolet 1950). 

Tlie case of atomic nitrogen as a possible source of the Fj-region has not 
been completely ignored in the past. Bates and Seaton (1950) have considered 
the possibility, but they arrived at the discouraging conclusion that, in 
order to produce the Fi -region, the concenlralion of atomic nitrogen at the 
level of the maximum should be as large as 3 x 10* — a value difficult 

to accept. Whether the same result is obtained with recently deduced upper 
atmospheric characteristics (which are ai)prcciably different from Bates and 
Seaton’s) remains to be seen. Further, the problem of the distribution of 
atomic nitrogen at Fj-region heights has to be investigated. This involves 
a critical examination of the dissociation of No at Fi-region heights, of the 
various processes of recombination of atomic nitrogen and consideration of 
a dynamical atmosphere. 

The present paper atteiniits a simultaneous examination of the problem 
of Nr dissociation and the problem of ionization of the resulting nitrogen 
atoms. The two problems are examined together with a view to obtaining 
a consistent overall picture. It is shown that atomic nitrogen appears to 
contribute at least partly to the ionization of Region Fi. 

2 . c; K N K R A Iv CONSIDER A T TONS 

According to the theory of Chajunaii, the rate of electron production, 
due to the ionization of an atmospheric constituent by solar ultraviolet 
radiation is given by 

q^AfiQa exp(-AnH scc^) ... (i) 

Nvdicre 

A is the absori)tiou coefficient for the constituent concerned. 

n is the density of the constituent at any height h. 

* In cbfaining this value no account was taken of the attenuation of the incoming 
radiation through absorption by O and N2 which is larger than that by N. Consideration 
of such absorption improves the situation appreciably. 
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Qa is the number of solar photons at the relevant wave length reaching 
the terrestrial atmosphere. 

X is the solar zenith angle. 

H is the scale height. 

For an isothermal atmosplieie, where the density is given by 

n — HoC' 

where ^ is the “reduced” height, liq (i) gives, for the density at the height 
of the maximum ionization, : 


n 


_ cosx 


(3) 


For a non-isothermal atmosphere where the scale height H varies linearly 
with height : 

H-Ho + /8£:, 

Eq (3; becomes 


„,„=cosx(i+^) (4) 

AH 

Eq (4) gives the expression almost invariably used in discussing an ionization 
mechanism. 

It is possible, however, to improve Eq (qh 

The radiation responsible for the photoionization of the activ^e constituent, 
f, is not absorbed by i alone, but frequently by other atmospheric constituents 
as well. Although such absorption is usually ignored, it it not always proper 
to do so, especially when, as in the case of atomic nitrogen, the active 
constituent is not the main absorbing constituent. This m^ans that one has 
to replace Eq (i) by 

q = AtniQa exj) [ ~ (.d , h t // £ -i A sql^] ••• (5) 

where the subscript k refers to any atmospheric constituent, otlier than the 
one ionized, wdiich absoibs the relevant radiation. 

In the expre^^sions ^3) and bp the recombination coefTicienl is assumed 
constant. In Region F,. is very nearly so, but there are indications that 
a in this region probably depends 011 temperature and may be afjproxinialely 
represented by P. Mitra, 1952) 


H 

ilo 


( 6 ) 


where r is of order of unity. 

In a study of Region Fj we are concerned with the atmosphere at levels 
150 km to 250 km, most of which is in diffusive equilibrium although the 
lower levels around 150 km are probably in a transitional state between 
mixing and dififusion. This means that, for most of the height levels of 
interest for the present work, If* is different for the different constituents. 
The new expression replacing (4) now becomes : 



in 


A. P. Milra 


/Ij + = 

k 


cosX(i +Pi-rf3i) 
Him 


... ( 7 ) 


The above expression is to be used in discussing the adequacy of any 
constituent whose distribution is determined only by the atmospheric 
temperature distribution. 

Complications, however, appear when the distribution of the active 
constituent is determined by photochemical reactions rather than by the 
atmospheric tenipeiatiire distribution. In the casj of atomic nitrogen such 
complications exist. Consider that the distribution of atomic nitrogen in 
the upper atmosphere is given by 


n(N) = no(N)^^/2) 


... ( 8 ) 


The absorption of the incoming radiation is mainly controlled by atomic 
oxygen and molecular nitrogen and, hence, to a first approximation, we may 
neglect the term secx in the exponent of Eq(5). We may, then, 

write : 


jy 2 ~ ^{N)tlo(N )Q h 


II 

"Ho 


exp secX{ ~^ ) P 


He 


(g) 


This gives, at the height of the maximum ionization, 


r/3 

^Ajtnt secx + + *"1=0 

^ H < t 

where is the first derivative of ^ with respect to height. 

Equation (10) is general and applies to any kind of distribution. 


1 10; 


3. V P P K R A T M O S P H R R p: C II \ R A C T R I S T I C S 

The region of interest in the present study is the height range 150-250 
km. Rocket results regarding pressure are available up to 220 km ; but 
estimation of lemperature and density from these results are made difficult 
by lack of proper information regaiding the amount of dissociation of the 
constituents Na and Oa. There are several accounts of the probable 
distributions of the main constituents in this region based on rocket results 
(Gerson, 1952 ; Nicolet and Mange, 1954 ; Kallman, 1953 ; The Rocket 
Panel, 1952). These results differ somewhat because of the different 
temperature distributions and different dissociation rates assumed. 

In calculating the concentrations, it is perhaps best to start with the 
temperature distribution as known. Of the various published distributions, 
the one given by Nicolet and Mange seems to us the most reasonable, 
but temperatures higher by as much as 25 percent are also possible. 

In the ptesent woik three different models of temperature have been 
used (figure 1). Model i is the Nicolet-Mange model ; Model 2 is a 
possible upper limit of the temperatures and Model 3 is a likely compromise 
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between Models i and 2. The models u^ed by Gerson are also shown ; 
blit they arc considered loo high, in that they arc based on the preliminary 
rocket data, and have not been used. The particle concentrations for 
Nm and 0 for these different models are shown in figure 2. In each case 
the atmosphere is supposed to fall into diffusive separation above 160 km. 

A. PHYSIC AT, DATA 
4.T /Ihsorpiion Coefficients 

We are inlciestcd in the absorption coefficients of the various 
coiislitueiits in three distinct wave length legions: one at A ^ 795 A 
where photoionization of occurs, and another at A ^ 855 A where 

ionization of N occuis, and the third at A^oio where the first ionization 
of atomic oxygen lakes place. Values of the absorption coefficients for 
the dificrent atmospheric constituents (Bates and Seaton, IQ50 ; Clark, 
1950 ; Chapman and ITice, 1930 ; Weissler and Lee, 1952 ; Wcissler, Lee 
and Mohr, i()52) foi these wavelengths arc given in Table 1 . 

Tahi.k I 

Absorption coefficient /I in enr 


A 795 A855 I A9if) 


N. 

0. 0 N ' N.; j (>2 

: 1 

0 

N ; N2 

Oj 

0 

i 

iS X n X Ifl'l" In'l' j i >< |l .4 X III 

i i 1 1 

3 X H) 

c;X K'-IS ji X 10 

'I X j 

2.5 X 


4.2 Intensity of Solar Radiation 

The rocket results of Touscy et al (1951) between the wave lengths 
1050A and 795A showed that the solar intensity between these wave lengths 
correspond to a flux density of 5 x 10“ to 3 x lo^^/cnr/sec. On the assump- 
tion that the equivalent solar temperature is constant in this range, the 
corresponding temperature is Also, with Ca = TO*^/cm"/sec at 

A 1 050, 

Ca( 855) = 2 X to’’' enr* sec“^ 

Qa( ^ 790) = 3.6 X TO® cm'"'*’ sec'^ 

Q«( ^ 910) = 8 X to'® cm'"* sec’"' 

5. r II E C A S E O V A T O MIC NT T R O G R N 

5.1 Disitibuiion of Atomic \‘itrofi[en 

Atomic nitrogen is formed, mainly, by the dissociative recombination 
process (Bates, 1950 ; S. K. Mitra, 1951 ; ITerzberg and Herzberg, 1948) : 

795^ 

N2 + /1V >N2^(X') + e 

+ >Nl2P) + N(2D) (ij) 
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and by the Herzbcrg-Herzberg process : 

— 1250A 

Na + Ziv — >’N + N (12) 

However, as Deb ^1952) has shown, at hcij;hts of 150 ktn or above, 
the levels of interest in the present study, we need only consider the 
former process. 

Nitrogen atoms so formed may disappear through a number of processes, 
such as : 

K 


N-i-N- 

— >N2‘+ hv 

... ti3) 

N + ( > 4 - iM- 


(14) 

N+N4-M- 

— ^N2 + M 

( 1 . 5 ) 

N + NO- 

— ^N2 + f 1 

... ( t 6 ) 


Deb (1952) has discussed the relative importances of the reactions 
(^4) (15) for the atmospheric model given by (k*rson and has 

shown that processes (14) and (15) arc much slower than process <13). 
With the atmospheric models I, 2 and 3 used in the present work, it can 
be easily shown that the three-body recombination process given by (15) 
is never very imporiaiit, while process ^14) may be important if 


is lo’’ or more. At 200 km and above, the ratio is certainly not large 

t?(N) 

enough to make process (14) i.iiportaiit. Presumably, the process may be 
ignored for the lower levels of the F, -region too, since, as will be pointed 


out later, is not expected to be much larger than too above 150 km. 

Now consider the two-body process given by Eu (r6). J he rate is given 
by /v’3t7(N)w(NOj. Hence 


Rate of process (i6) _ k, n(N()) 

Rate of pro 'CSS (i.^j I\ h(N) 

The coefficient k, is temperature-dcpcmlent witli values about S x if)"'’' em'/s 
and 5X 10"'^ cmVs at 150 and 200 km where the temperatures are of the 
order of 45o‘’K and "oo^K. Hence, the ratio (:?) is about 2x1,/ 
rn(N())/n(N)] at rso km and about [ io"n(Nt ))/n(N' )] at 200 km. 

Now. for a fixed atmosphere. NO has a concentration of almut loVcm* at 


80 km (Nicolet, 1953 ; A. P. Mitra, 1953)1 so that 


nfNOl 


^2 X 10“ 


This 


ratio will remain constant upto 150 km because of inixinK and will be 
approximately the same even above 150 km. under conditions of diffusive 
separation, because the respective scale heights of NO and N, are not 

4 — 1852P — 6 
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appreciably different. A consequence of this is that the N( )-concentration 
is about 2 X lo'^/cin'*’ at 150 kin and io‘‘’/cm‘* at 200 km. Now as will be 

shown later, nlN-i) at 150 km and perhaps about - ^(Na) at 

100 10 

200 km. Hence, the ratio (17) becomes 0.3 at 150 kin and about 0.2 at 
200 km. One may, therefore, also ignore this i)rocess. 

The height vnriatujn of llip dissociation rate is of particular interest. 
Table 11 shows tlic variation of /, the rate cojfiicient of teaction (ii) with 
height (for X = for the three models chosen : 

Tahi.f: II 


J fper sec.) 


Height (km) 

1 1 

]Mo(k 4 

> 

3 

j6() 1 

1 

5..' X 10-3 

1.3 X lo ’•I 

I . I X 10 


T.5 X JO"^ 

3.2 X I0‘ 

1.3X10*^ 

2011 

2 3 X 10'^ 

3 3 X 10 '^0 

6.-} X 10 ^ 

22< > 

2.0XIO‘® 

1 1 X 10 9 

I.l X lo'*^ 


3.2 X 10 

2 9 X jf‘"^ 

I C) X I ( 

260 

3 1X It' 

s /|XI (.-9 

2 2 X lo”^ 


The coeflicieiit ] , therefore, varies from a value of about 2 x 10”'' to 
the very small value of kT’’’ in the height range of interest (160—260 km) 
and dcpeiuling on the type of the atmosphere model used. These values 
lead us to the following conclusions : 

(/) If cquilil)rium is allowed, then the concentration of atomic nitrogen 
around 2(H' km would be about io®/cm", and the total number of nitrogen 
atoms in a colnnin of unit cross-section would be about 4 x lo’Vmn®, 
2Xio'‘Vcm* and 3 x cm’* for models r, 2 and 3, respectively. The 
corresponding values (or molecular nitrogen arc about 2 x 10’ ’'/cm’*, 
4 X lo'^/cm’* and 3 x lo'^/cnr. 

(ti) Since the time, T,^/, lequircd for «,(Ni to grow to a value 
^ ^ times the equilibrium value is given by 

7" -a 

2 v' [yKwfNjjj] 

a period of several years is necessary in order that photochemical equilibrium 
may be established. 
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Now the time of mixing at these heights is t)robahly of the order of a 
week, wliile the time of diffusion is of the order of several hours at i6o kin 
and several minutes at 250 km (Nicolet and Mange, 1954). Somewhere 
between 150 and 200 km, theiefore, the diffusive separation will begin to 
be effective. It is difficult to locate at present the height wliere it begins, 
but there seems to be no doubt that the i)iocess will be effective at least 
above 200 km. Thus, above 200 km, one may safely u riie : 


MfN) = n,„„(N!( )['■*■ (0N) ] 


where /i(N; is tlie scale height gradient lelevant to atomic nitrogen. 

Below 150 km, where the mixing effect still predominates, the 
concenlration of atomic nitrogen will follow the main alinospheie. It is 
difficuU to give an exact figuie of the ratio [a(N)/n(N^lJ for these levels, 
but from examination of Table II and of the possible values of /\, 
Nicolet ’s (1952) value of 1/100 seems reasonable. 

The region between 150 to 200 km Is probably a transition region. 
It is possible that diffusive separation begins to jiredominate even at 160 km 
in which case the transition region may be confined lictween 150 to 160 kni. 

For purposes of caiculatioii, two different nou-etiuilibriuni distributions 
have been used. In the first (case I) mixing predominates up to about 
150 kin with the ratio afN)/ wfNo) = 1 /Too ; transition from mixing to diffusive 
separation occuis between 150 to 200 km, the ratio /dN)/w(Na) increasing to a 
value of 1/10 at 200 km ; above 200 km atomic nitrogen is distributed 
according to its own scale height. In the second case (ease II) transition 
is supposed to occur between a narrow strip at 140-150 kiii with the 
concentration falling according to its own scale Iieight above 150 km. 
The real situation is probably soiiiewhere between these two. 

The value * is a conservative value, and has been chosen on 

wlNT) 10 

the basis of the values mentioned before, of the total number of nitrogen 
atoms * and molecules in a column of unit cross-section. These values 
are such that they allow for an average ratio of about 1/10 over the entire 
region even when mixing transfers the nitrogen atoms from one place to 
another. 

5.2. Atomic Nitrogen as a Constituent for Region L i 

The experimental results regarding Fi are that the equivalent height 
of maximum ionization is about igu km ai summer noon and about 210 km 
at winter neon for a medium latitude The actual heights are not known, but 
they may be appreciably lower than the above values. Tlie electron density 
at the height of the inaxiinum ionization is about 2.5 x lo'/cm^ for sunspot 
minimum, and 4 x 10 ’/cur* for sunspot maximum. 

Consider now the photoionization of atomic nitrogen for the distributions 
♦ Estimated under equilibrium conditions. 
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(cases I and II) indicated in llic previous section for an atinosi)herc 
in which photochemical equilibrium cannot be reached. Now, absorption 
of the incoming vSolar radiation by atomic nitrogen is negligible coinjiared 
to that by oxygen and molecular iiitiogen for this case. Under these 
conditions the intensity of the ionizing ladiation at any height will be 
independent of whichever distribution of atomic nitrogen we select. In 
figure 3 the intensity of this radiation at various heights is plotted as a 
ratio of the unattciniated intensity for the three atmospheric models. The 
height of maximum ionization and the maxiimiin ionization densities 
calculated with the help of these figures land for the recoin binatitiii 
coefficient distribution given in figure.^) are shown in Table 111. For 
ccMJiparison [lurposes, the results for the idealised case of photociiemical 
equilibrium are also showm. 


Taiu.k III 

Height and concentration of maximum ionization for difleient cases 


JModcl 


Non-equilibrium 


ICqinlibr 

iiim 


Case 

I 

Case 11 




/lu.Hx (kni) 

Nr (ciir^) 

hiuAx (kin) { 

1 

1 Nr (enr'’’) 

hmu\ (km) 

Nr (t'lir*'*) 

1 

i6(j 

i)X lo"! 


? S X /i''* 

164 

2 qx lo** 

T 

21S 

I..S X !'>*» 

J75 

26x10^ 

222 

1. 8 X in'* 

3 

1 

182 

1.4 X 

j6o 

r 

2 gX l'»* 

U )2 

2.4 X 10^* 


It may be remarked here that for such cases as in II (non-equilibrium 
case), the only assumption needed for determination c)f the location of 
maximum ionization is the assumption of diffusive separation. If it is 
accepted that such a separation takes place somewhcie below the maximum 
of the Fi- layer, then one is permitted to use, for the regions of interest, 
the expression : 

which yields, for hmt 

2Hn(N2)S A^rimt see X= i + 2{i(Nj) - 2r8(Na) 

it 

The results for such a case for overhead sun have already been given 
(case II, Table III). They are alsc indicated in figure 5 where the results 
for other values of ^ have been included. 
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ITeiglit ill kill 

Fig. 5. Iv<»cation of inaximuiii ionization for the second nun-e(|uilibrium case 
6 , DlvSCUSSloN 

It seems probable that, for a dynamic atmosphere, the maximum of 
ionisation produced as a result of the photoionization of atomic nitrogen 
lies between 150 to 200 km (for x~o°) depending on the atmospheric 
model assumed ; the best value being somewhere around 170 km. There 
is still a discrepancy of the order of a scale height between the theoretical 
value and the observed equivalent height. But, as Nicolet (1952) has 
pointed out, the measured equivalent heights may differ from the actual 
heights by such an aniount. 

In order that atomic nitrogen should give adequate ionization for the 
Fi-layer, the concentration of atomic nitrogen at the height wheie diffusive 
separation takes place need not be larger than Such a ratio is 

not impossible. It seems likely, therefore, thit atomic nitrogen will 
contribute at least partly to the ionization ot the Fi-region. 

The case of atomic oxygen has not been discussed so far. Ionization 
of atomic oxygen at the first ionization potential is not suitable. With 




281 


Atomic Nitrogen as a Constituent for Region Fi 


.^(())“ 2 . 5 X cm^ / 1 ^ 0 j) = T.T X cm* and .KNTa) = 3 ^ to"*'” cm* for 
A ^ qioA, it is easily shown that the ionization maximum is around 140 km 
forx = o°)for all the the three models chosen. But although ionization 
of atomic oxygen at the first ionization potential does not seem adeciuale, 
ionization of () at the third ionization potential (18.5 cVj may he of 
iiiiI)ortance. * /!(()) at this wave length is about 10"'^ cm*, of the same 
order as /I (N) at A855, so that the ratio of ionization yield through atomic 
oxygen at A ^ 665 and that through atomic nitrogen at A ^ 8S5 is given by 

< 7 ( 0 )^ n((J)Q(ql 

qm n(N)C)(N) 

Qb))/QfN) is probably of the order of to“^ so that n{{))/n{N) should 
be aboil' 10* or larger in order tint ionization through atomic oxygen 
should be important. At lower Fi heights such a ratio presumably 
does exist, but at higher levels (i.c. at the level of the maximum ionization 
and above n( 0 )in(N) may not be large enough. Another interesting point 
about ionization of O at A < 655 is that the ionization maximum occurs ta 
a height around 200 km i.e. at the correct height. 

It has been pointed out that the F, and the Fa-regions may both arise 
from a sirifyfe ionization mechaiiisiti by a process of bifurcation (Bradbury, 
iQVS ; Bales, 1949 ; Mitra, 1952 ; Ghosh, 1955 ; Chatterjee, 1953). On 
this hypothesis the theory of Fi formatio 1 will have bearing on the Fa- 
region as well. Although the theoretical arguments for such a hypothesis 
seems well-grounded, to date no experimental cofirmation has been available. 
Some confirmation was sought during the present work by studying the 
departures of the hourly values o' the ordinary wave critical frequencies 
from the hourly means foi both the F, and Fodayers using the following 
parameters : 


r(F,) 


(/oFi)*- i/cFif 

ifoPT^ 


X 100% 


_(/oF2): X 100% 

P(F,) and PlFj) have been plotted against each other as a scatter diagram. 
The correlation is high— a typical case is shown in figure 6. 

Now, the ionization of h'a increases by a factor of 3 from sunspot 
minimum to sunspot maximum ami that lor I*', by about 1.6. Die resulting 

value ca: -j.a rnav be coiisideied as an amplification factor and must 

AN'F.) 

depend, primarily, on changes in solar intensity ; since local dynamical effects 


♦ The aiith T is grateful to Dr. Nicolct for pointing out tlii.s po.ssibiIity ami for 
interesting di.^cussion on this point. 
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6. C'orrclation bctwt-en the flncliiations of /oKj nntl /oh'j} for M^y ic)'4S, VVasington 


will be averaged out. It is a remarkable fact that the points in figure 6 do 
scatter around the straight line giving “ 3*4* If interpreted 

^iV \ P j j 


as indicating that fluctuations in Fi and Fn-ionizatioiis are due mostly to 
fluctuations in the relevant solar intensity, then it seeine likely (though not 
certain) that the same radiation is involved in the ionizations of Fi and F2. 
If this is accepted, tlicn the theory of bifurcation requires that : (i) the Fj- 
ionizatioii should also supply the ionization of F^ and that (2) the scale 
heights and recombination coefficient of the active constituent should be 
consistent witli our ideas of these paraincterb not only at Fi-region but at 
F2-regioii as well. 

There is little doubt that at Fi and Fg heights, recombination occurs 
through a dissociation process of the ty[)c (Bates and Massey, 1947) : 
XY^ +c + Y\ where XY* may be formed thiough 

Z^ + XV ►XV"+/ 


For the charge transfer process to be possible, the ionization potential of XY 
must be less than that of /. This means that the molecule XY cannot be N2. 
The only atmospheric molecules wdiich have sufficiently low ionization 
potentials are O3 and NO of which the concentration of NO at F-region 
heights is negligible. If, therefore, w’e identify A'Y as O2, then // would be 
either O”*^ or N\ Since the rates for these pi occsses are not known, it is 
not possible to choose between them at present. However, this point has 
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to be remembered in evaluating the contributions of and to the 
Fi-layer. 

The typical values of scale heights associated with F| and Fa-ionixations 
are about 30 km and 70 km respectively (S. K. Mitra, 1952). Although 
these values are by no means exact, particularly the values for Fa-region 
(Gerson, 1951), we may consider that they are of the right order. Now,*]with 
diffusion starting at 160 km, the values of scale heights associated with 
individual atmospheiic constituents, are given in Table IV. 

Table IV 



200 km 


300km 



(I'l) 


(I-.) 


H{C)) 

H(N) H' 

riyO) 

//(N) 

//(Nj) 

ir 

30-0 

44.6 22.3 30 

69.0 

78..S 

39-4 

70 


I/' = scale height obtained from ionospheric measurements 


Even allowing for the uncertainties in the ionospheric measurements, 
HfNa) appears to be too low for both Fi and IVregions and suggests, once 
again, that N2 is probably not the active constituent. On the other hand, 
both H(()f and H(N) are of the right order. 

It ajipears, therefore, that ionizations from both atomic nitrogen and 
oxygen (A^dss) are likely to contribute to the Fj and Fj-layers ; though 
nothing can be said at present about their respective proportions. 
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MULTIPLE! SEPARATION FACTORS IN THE SPECTRUM 

OF CHROMIUM II 

By V. SURYANARAVANA and V. RAMAKRISIINA RAO 
Dkpartmknt of Phvsjcs, Avoitka Umvi-ksiH'v, Wxutair 

{Received for publication, April lo, 1^54) 

ABSTRACT. Formulae for the niiillipkt .cparatioii factors in the configurations 
45 and 3(F. 4/) are derived and used for the calculation of the mulliplct separations. 
Tlie values are compared with the expeiiineiital data. 

I N r R 0 T) TT C T 1 O N 

In continuation of our carlici work on the term values of Cr II, the 
iiiultiplet separation factors m the configurations 3(/‘.4.v aiid 3d\4/’ were 
calculated. The theory of niulti[)let separation factors was given for 
equivalent electron configuration l.)y (iondsmit (igaS) and for the addition 
of an .V or /’ electron by (ioudsinit and llumi)hreys (1928). The woiking 

details may again be found in two papers by Y. K. (rQpS). The formulae 

for i(V-4S and 3d\ 4p were not available in literature as far as we were 
aware and so were derived by us. The results are described below. 

C 0 N J' 1 0 11 R A T I 0 N 

Table I gives the results for 3d’ configuration. The theoretical 
values for cl, the multiplet separation factor, is /.uio, in every term. The 
experimental values, as given in the 1 ist cohiinn, are all very nearly equal 
to zero for all sextet and quartet terms In the term scheme we find a 
partial invertion of the inultiplet levels as in a aUrfi to 
This means that in the actual speclium, tlie line.s are very close together 
and occur in no definite older. J^or llie assignments of such lines the 

method of constant difreiences is not of much help and evidence from 

Zeeman effect anl liypeTi le s‘ru:lUi'e studies would b: essential. 

C 0 N (i A T I O N S 3 dL 4 s AND 3d*.4p 

The formulae for the multiplct separations in these configurations were 
deri'. ed by us and given in column 3 in Tables II and III. They are 
obtained by considering the value of (/!') in the configuration 3d* of, 
Cr III and given in terms of a. In the case of 3d‘4^ the individual 
formulae contain terms in a2 also, which is the contribution by a 
electron to the value in 3d\ These values are . not capable of evaluation 
and so they have to be eliminated by taking 2 A for (i) all terms of same 
multiplicity or (2; all terms of same L value and so on. 
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Table I 

Multiplet separations in the observed terms of Cr II 3d® configuration 



Table II contains the data on configuration. The experimental 

values of A are calculated both from adjacent levels and total separation 
and average values are given in column 7. These are to be compared with 
the calculated values given in column 8. We find in 3d*. 4s configuration 
there is a good agreement. The inverted nature of c*D and b^D was 
also observed experimentally. 

In the configuration 3d*.4/), the value of A' (Cr III) is calculated from 
that of A (Cr Ilj by the formulae and given in column (7) m Table III* 
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Table II 


Mulliplet separation factor calculation in the terms of 
Cr 11 3d\45 configuration. 


Configuration 
and base term 

Term 

(i) 

Formula for .1 
in terms of . T 

^2) 

Separation factor 
(/I) in terms of (a) 

vSepa 

ca 

adjacent 

levels 

ration facte 
Iciilated fr 

Total 

reparation 

)r (.1) 

:)m 

Average 

value 

(d) 

calculated 

from 

formula (2) 

3dV(>D)4S 

*a^n 

*aW 

.4 = 4.17s 
.!=6.l7s 

d= af 5 

J =3a! 7<) 

47 1,46 I 
44-6-42 8 
68.6,66- 7 
64-6 

44 6 

6n.T 

4) 6 
66.5 

43 9 

65 () 

^d*{d^P -)4S 
3<iM 

b<F- 

^'1=2.-173^ 
-‘1=3.‘173 ^ 

I “ af 3 

237,222,8 

228 J 

229 3 

73 2 

3a‘(a’P.)4s 
3(J‘( 3F+)4 s 

a*h\ 

*F* 

/I =2.173) 
/I =2/173 1 

.1= a/18 

»3 8,14 7 
”•3 

^3 0 

13 2 

12.2 

■id*{a^P-Us 
3dM »i’+)4S 

a^P. 

.4=4-173) 

A =4.473 ' 

.1 = 20 / 3 

464 4 

464.4 

464.4 

146.5 

3dHa‘'F.)4s 
3d'( >F+)4S 

idHahD^s 

c^D 
bV) \ 

d =4/173 < 

-1=2/173 

d=4/r/3 

A = a/ 9 

d = -a/iS 

A ^ --a f g 

11. 0 

-22.5.- 

19.1 

-13-0 

11 f> 

— 16 9 
-35-4 

II. 0 

-17 9 
-35*4. 

24 4 

— 12.2 

-24 4 

3di(«*G)4i' 

3(ii(a*G)4< 

b^G 

cH; 

.4= 2d ''3 
/I =4-4 73 1 

j 

.4= a / 10 
d s= a / 5 

-35 4 

29 5*21.9 
13.7 1 

3r 2 1 

20 4 

31.2 

21.4 

31.2 

22.0 

43-9 

3d‘(a*H)4.v 

3d<(a’H)4S 

am 

/I =2/173 ! 

/I = 4/173 

A = 0/15 
d =2a/i5 

|I3-8,i4 5! 
M-3 i 

33-1 ! 

14-3 

33*1 

14.2 

33.1 

14.7 

29-3 

3d*(<»'5)45 

alS 

/I =0 

d =0 

0.0 j 

0.0 

0.0 

0.0 

3d* [0^0)4!. 

bm 

A =0 

d=o 

12.0 1 

12.0 

[ 12.0 

0.0 

3d*(a*D)4s 

cm 

A =0 

d=o 

1 

24 5 

24-5 

24.5 

0 0 

3dH >5)45 

IS 

.4 =0 

1 d=o 

j 


1 

I 

o.o 

3d<( 'r))4? 

m 

A =0 

1=0 

1 

1 


1 

0.0 

3(iHa'Fi4s 

dm 

.4 =0 

1 =0 

-5-0 

-5.8 

-5.8 

0 0 

3dK 'G)4s 

m 

d=o 

A =0 

— 

— 

1 

1 

0.0 

3d*{a'*l)4s 

bV 

A =0 

A =0 

-4.1 : 

-4.1 


0.0 


a=2i9.7 

The base terms with no suffix before them are only theoretically possible terms and 
are not experimentally identified. 

The values of the terms with asterisks are employed in the calculation of the value of a. 

The mean value of A' obtained from various sources (like all ‘P* terms, 
or all sextets etc. arising out of the same base term) is given at the end of 
the same column. This is to be compared with the value given in the last 
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Mean value of A\ 58,6 


Mean value of .-1' 31.6 



6dz 


Jl mntmoAij^ ui sjopvj uoifojocts^ 



Separation factor A Separation factor A' calculated 

calculated from i 4' from the ion data 
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Mean value of A'.. 30,8 


eparation factor A Separation factor A ' calculated 

calculated from ^4' from the ion data 
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6— 1852?— 6 


Mean value of A' ... 34.4 
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Mean value of A ' ... 33.8 

The underlined value of A' given in the last column of the table is not experimentally observed but is calculated from the observed 
data for Cr ni itself. 


Multiplet Separation Pactora in Chromium It 
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Mean valne of A ' ... 270.5 


Separation factor A . Separation factor A' calculated 
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total2.4^o 



Separation factor A Sepatation factor .4' calcnlated 

calculated from A' from the loi data 


Multiplct ScpCLTCition Factors in Chromium II 
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< 

H 



B 

*•4 

H 





i? 


S: 




S' 


'cl 
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column for as calculated from the ion data (Cr III). The agreement 
is quite good iii the case of ’’D, ’H and “G. In the case of ®P and *F 
terms both of which occur twice in the configuration 3d*, the agreement 
is not satisfactory. In case of such teams only an average value of the 
separation factor for the two similar terms is given by the formula. In 
general both the terms are rarely observed and unless we have the data 
of both the terms, it is not possible to take the average value from the 
experimental data. In case of *£) the value given in column 10 is obtained 
by calculation from Cr III data itself. It was not observed experimentally. 
This might possibly account for tlie considerable discrepancy between this 
value and the one shown in column 7. The case of doublets of Cr II 
arising out of singlets of Cr III is interesting. The A' factors are zero. 
So the A factor is obtained in terms of a^. The values of A for all terms 
arising out of the same base term are zeroes as can be seen from Table III, 
From the nature of the formula it appears as if we can calculate the value of 
at from the experimental value of the separation factor A for a few doublets. 
However, on comparison with a few such calculated values, the values of a* 
is found to be very erratic. Evidently no useful information could be 
obtained from these data. The separation factor for the added p electron 
is not capable of direct calculation. 
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ON THE RAMAN SPECTRA OF ACETYL CHLORIDE 

AND CHLOROACETYL CHLORIDE IN THE 
VAPOUR STATE* 

By MONOMOHAN M4.ZIJMDER 

Optics Dkpartmknt, Indian Ass(>cutidn kor the C^i^tivatiov or Simkncic, CA^ci^rrA— 32 
(Received jot publication, May rS, 7954) 

Plates IXA B 

ABSTRACT. The Raman spectia of acetyl chloride and chloroacctyl chloride in 
the vapour state at looT and i5o‘'C respectively have been studied and compared with 
those of the substances in the lujuid state at room teinperalures nearly cijual to thnse of 
the vapour. It is ob‘ierved that the relative intensities of some of the prominent lines 
underj.0 changes in both the cases when the chan-'c from liquid to vapour slate takes 
place. The intensitv of the line 590 cm 'Hn the case of acetyl chloride and 560 cm ^ in 
the case of chloroacctyl chloride increases appreciably with vaporisation. The frequency- 
.shiftsof some of the prominent lines hi both the cases increase with vaporization of the 
liquids. It is pointed out that the influence of 4 rong intermoleciilar field between the 
neiglibouring molecules in the licjuid state owing to the presence of chlorine atom in 
the molecule is responsible for all these changes. 

I N T K 0 I) U C T T 0 N 

It was reported in a previous paper (Mazumder, 1953) that in the case 
of ethylene dichloride in the vapour state the ratio of intensities of the 
lines 654 cin~’ and 755 cm”' remains almost unaltered when the temperature 
of the vapour changes from 1 35°C to i7o®C. It was concluded from these 
results that if the two lines are attributed to two forms of the molecule 
the energy-difference of the two forms is as small in the vapour slate as in 
the liquid state. The ratio of the intensity of the two line.s, however, 
diminishes abruptly with cliange from liquid state at 135°^ to vapour state 
at i35°C. This indicates that the iutermolecular field in the liquid state 
is responsible for the increase in the relative population of molecules of 
the particular form which gives the line 654 cm"^ The influerice of 
iutermolecular field on asymmetric molecules formed by substitution in tlie 
ethane molecule has not been studied systematically. It would be interesting 
to compare this influence observed in the case of substituted ethanes contain- 
ing one complete CH, group with that observed in the case of similar 
molecules which are asymmetric and in which the hydrogen atom has 


♦ Communicated by Prof. S. C. Sirkar. 
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been substituted in both the CHa groups. It is necessary for this purpose 
to study the Raman spectra of the substances in the liquid state at high 
temperatures and to compare it with the spectra of the substances in the 
vapour state at corresponding temperatures. A programme has been 
undertaken to study the problem systematically in the case of substituted 
paraffins and the results obtained with acetyl chloride and chloroacetyl 
chloride have been discussed in the present paper. 

EXPERIMENTAL 

The experimental arrangement was similar to that used by the author 
in his previous invcst'gation (Mazumder, 1953). The liquids, acetyl chloride 
and ciiloroacetyl chloride were dn?tilled several times before being introduced 
in the long and stout Wood’s lube described before. The window of the 
Wood’s tube was improved this time by fusing a plane disc of Pyrex 
glass at one end of a Pyrex tube which was sealed inside the stouter tube 
at the broad end of the latter. A narrow lube of porcelain blackened 
thoroughly was placed between the window and condensing lens to cut off 
all tlie extraneous light coining cut from the side of the Wood’s lube. 
With this arrangenicut it was possible to run the exposure for seven to ten 
days without over-exposure of the prominent mercury lines. The temperature 
of the vapour was raised to about lOO^C in the case of acetyl chloride 
(B P. 52°C) and i5o®C in the case of chloroacetyl chloride (B.P. i05°C), 
and the pressure developed inside the Wood’s tube at those temperatures 
by the vapours of the corresponding liquids was about four atmospheres in 
each case. Two mercury arcs of length about 16 inches made in the 
laboratory were used to illuminate the vapour inside the lube. Elliptical 
reflectors of highly polished aluminium sheets were used to focus the 
incident light on the tube containing the vapour. 

The Adam Hilger two-prism spectrograph used in the previous investiga- 
tion was used in the present case also. Ilford Zenith plates taken from a fresh 
packet were used to photograph the spectra. 

Microphotometric records of the Raman lines were taken with a Kipp 
and Zoneu type self-recording microphotometer. The approximate relative 
intensities of any particular pair of Raman lines were found out from the 
densities of the lines with the help of blackening — log intensity curves for 
the two wavelengths corresponding to those two lines drawn vsuih the help 
of the intensity marks. In both the cases Raman spectra of the liquids 
at room temperature and at temperatures nearly equal to the temperature 
of the vapour were also photographed for comparison. 

RESULTS AND DISCUSSION 

The Raman spectra of acetyl chloride in the liquid state at 32"^ C aird 
90°C and in the vapour state at ioo®C are reproduced in the Plate IXA, 

. figures i(a), 1(6) and i(c). The spectra Of chlofoacetyl chloride in the 
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PLATE IX A 
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Ram.in spectra 
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(h) „ „ 9(FC 
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Micropliotometric records of Raman spectra. 
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liquid state at 34®C and iso^C and in the vapour state at i5o®C are also 
reproduced in the same plate in figures 2(a), 2(6) and 2(r), The frequency 
shifts are given in Tables I and II icspcctively. Microphotometric records 
of the lines 434 and 590 cnr' in the case of acetyl chloride and of the lines 
30O1 453 and 5^® ^tn ^ in the case of chloroacetyl chloride are reproduced 
in figures 3(a), 3(h), sic} and 4(a), 4(h)») 4fc). The spectrograms due to 
the vapours being week, feeble lines were not recorded. 

It is found on examining the spectrograms that the relative intensities 
of some of the prominent lines undergo changes when the change from 
liquid to vapour state takes place. This <Jan be seen from the microphoto- 
metric records reproduced in figures 3 and 4. It would be seen from these 
records that as the liquid is vaporized the intensity of the line 590 cm”' 
relative to that of the line 434 cm”' increases in the case of acetyl chloride. 
Again in the case of chloroacetyl chloride in the liquid state the intensity 
of the line 560 cm”' is only about one fifth of that of the line 445 cm”', and 
the line becomes a little stronger when the liquid is heated to i5o"C. But 
when the liquid is vaporized at 150' C the intensity of the line 560 cm”' 
increases so much that it is almost two thirds as intense as the line 445 cm”'. 


Table I 


Acetyl chloride, CH3COCI 
Av in cm”'. 


Liquid state 

Vapour state 

at 32*’ C 

at 9o*C 

at 100 “C 

238 ( ob ) e,k ;P 

238 ( 0) e,k 


348 ( I ) e,k ;P 

348 ( 1 ) e,k 


434 ( 16 ) e,k;P 

434 ( ) ^»k 

434 ( S ) e,k 

59 f ( 5 ) 

590 ( 4) e»k 

603 ( 3 ) e,k 

956 ( 2 ) e,k ;D 

956 ( 1 ) e,k 


HOI ( 2 ) e,k;P I 

HOI ( I ) e,k 


1360 ( I ) e,k ;D 

1360 ( 0 ) e,k 


14*5 ( 3 ) ;D 

1425 ( I) 


1800 ( 2 ) e,P 

1810 ( 2 ) e 


2935 ( 5 ) «»k ,P 

‘2935 ( 3 ) ®»k 

2944 ( 3 ) 

. 2991 { a ) e,k ;D 

2991 ( 0 ) e,k 


3oao ( 3 ) 

3020 ( I ) e,k 



7— xSsaP— 6 
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Table II 

Chloroacelyl chloride, ClCHgCOCl 
Av in cin*^ 


Liquid >tatc 

Vapour .^late 

at 

At 1 50^0 

at i5a*C 

300 ( S ) e,k ;P 

300 ( 4 ) e,k 

300 { 2 ) c.k 

455 ( 10 ) e,k ;? 

455 < 5 ' 

455 ( 3 ) e.k 

5^»o ( 2 ) c,k ;P 

560 ( I ) c,k 

560 ( 2 ) c,k 

712 ( I ) e k ;P 

712 ( I ) t-.k 


780 ( 8 ) e,k;P 

7 S 3 ( 5 ) k 

8ni ( 3 ) c.k 

970 ( ib ) e,k ;P 

970 ( n ) e,k 


1402 ( I ) e k ;1) 

1 102 ( D • k j 


1806 ( lb ) e ;P 

iS 6 ( ob ) c, 


2950 ( 2 ) c,k ;P 

295 '^ ( 5 ) b 

2972 ( 2 ) e,k 

2972 ( 0 ) e,k ;P 

2992 ( 0 ) e k 

. 



Tables 1 and II further show that the frequency-shifts of some of the 
lines increase with change from liquid to vapour state. Thus in the case of 
acetyl chloride the lines 590 and 2935 cm“^ shift respectively to 603 and 2944 
cm*"^ with vaporisation of the liquid. Similarly jp the case of chloroacelyl 
chloride the lines 780 and 2950 cm*^ shift respectively to 801 and 2972 cm*’. 
Such an increase in the frequency-shifts may be due to one of the two causes, 
namely (i) there may be an increase in the strength of the bonds with vapor- 
isation, and (2) there may be change in the angles between different bonds in 
the molecule. These lines in both the cases may be assumed to be due 
respectively to C — Cl and C — H stretching vibration. Since these lines are 
affected simultaneously by the change of s' ate mentioned above, the affinity 
of hydrogen atom of one molecule with chlorine atom of its nearest neighbour 
in the liquid state may be responsible for the weakening of these bonds in 
the liquid state. The increase in the intensity of the lines due to C — Cl 
stretching oscillation in the molecules with change from liquid to vapour 
state may be due to the fact that the C — Cl groups are linked with the 
neighbouring molecules in the liquid state and they are setiree in the vapour 
state and that the change of polarisability during the oscillation is reduced 
appreciably when the C—Cl group is linked to a neighbouring molecule. 

These results for the vapours of these substances thus furnish direct 
evidences of the existence of such affinity of chlorine atoms with hydrogen 
atoms of the neighbouring molecule. It is thus quite evident that the study 
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of Raman spectra of such organic compounds in the vapour state throw much 
light on the nature of interaction between molecules in the liquid state. 

It would be interesting to compare these results with the changes 
observed with the change from liquid to solid state in the case of acetyl 
chloride by Bishui (1948) and in the case of chloroacetyl chloride by Sanyal 
and Mazumder (1949). In the former ca.se the frequency-shifts of the lines 
590 and 1800 cm’‘ decrease slightly ugth solidification and lowering of 
temperature to -iSo'C. So, the cli|ugc of intermolccutar field with 
solidification is very small in this casei* It is significant that in this case 
no new line in the low frequency region a^ears when the liquid is solidified. 
The main change in the intermoleculaii, field therefore takes place in this 
case with the vaporisation of the liquid. |n the case of chloroacetyl chloride 
the lines 455, 560 and 712 cm*‘ shift r^pectively to 459, 565 and 724 cm ' 
with solidification (Sanyal and Mazumder, 1949). The lin.' 712 cm*' which is 
broad in the liquid state becomes sharper in the solid state but it is not 
observed in the case of the vapour, probably due to increase in the width of 
the line. vSo there is a prominent change in the nature of the line 712 cm*‘ 
with solidification and it is significant that a new line at 48 cm ‘ appears in 
the solid state. But in this case also the main change in. the relative 
intensities of the prominent lines 455 S^o cm * takes place With vaporisa- 
tion of the liquid, and this indicates a great influence of the intermolecular 
field in the liquid state. 
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Plntcs X A-C 

ABSTRACT. 'ITic Raman spectra of ni( fa and para xvlcnes in tfjc li()inM state and in 
the solid .state at different 1 vv leinperature.s were leoided R dli the substances in the 
li{]nid state vield a few feeble ^xtra Raiiian line.s not rep )rted in earlier piibliealioiis 8 me 
of the prominent Raman bne^ of b ith these coniponmK shift slightly with solidilic^tion of 
the compounds, but the number of lines undergoin‘ 2 ^ such changes in their fn'quencv-shifts 
is much greater in the case of meta xvlene than in Ihc case of the para compound. 

Thiei' new lines appear in the 1 'w-freqiiency region when the nieta cotnpoiind is 
solidific 1 while two such lines in the low fr (luency region a])pe ir in ihe case of the para 
comi) Hind. With lowering of temperature f the s didified mass tO'-i8')“C' the low- 
frequenev lines of the former .‘■iibs^ance sliow liftlc change except that the hand at Si cin * 
shifts tn go cm > while in the case T the othei comp.mri l the number of low -f ctiuencv 
lines iiicrea.scs from two to five with the lowering temperature to — iSo^C 1 he probable 
origin of tho-e low frequency lines is di‘-eusscd The difference in the R^m.iii sp(“ctra oI 
the.se two isom.Ts in the solid state is explained by assuming that the inlliience of the intcr- 
molecular field on the molecules of the substance depen Is on the relative p ;sitions of the 
sub>tituent groups in the benzene ring. 

I N T R t) T) V C T r O N 

It was pointed out earlier (Biswas, 1054) that tlic study of the influence 
of temperature on tlic intensities and positions of the low-frequency Raman 
lines which appear when some organic liquids are solidified may lead to the 
proper understanding of the origin of such liiicS. T he results obtained by 
Swamy (1Q51, IQ52 and 19.531 and Deb (1952, I9.S3> i 954 ^ iti ^heir investiga- 
tions on the ultraviolet al)Sorplion spectra of substituted benzenes and 
iiapblhaleue compounds show tliat the influence of iiitei molecular field on the 
electronic energy level in the solid state depends on the relative positions of 
the substituent groups. A comi>arison of the Raman spectra of ortho and 
meta compounds in the solid stale at dillereut tempciaturcs may indicate to 
what extent the intensities and positions of the lines can be correlated with 
the relative positions of the substituent groups and also with the interinole* 
cular field indicated by the results of investigation of the ultraviolet 
absorption spectra under similar conditions. With this object in view the 
Raman spectra of meta and paia xylene in the solid state at different low 
temperatures have been investigated and the results have been discussed in the 
present paper. 

^Communicated by Professor vS. C. Siikar. 
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EXPERIMENTAL 

The liquids of the present investigation were secured from Fischer 
Scientific Co., New York and were of chemically pure quality. They were 
distilled in vauum, as usual. The Raman spectra of the substances in the 
liquid state were photographed and compared witli the Raman shifts of these 
liquids reported by previous workers to test the purity of the samples. The 
technique for recoiding the Raman lines of the solidified substances is same as 
that described earlier (Biswas, 1954). In all the cases the spectra were recorded 
on Ilford Zenith plates using a Fucss glass spectrograph having a dispersion 
of about II A'’ in the 4047 A"* region. Kach spectrogram contains an iron 
arc spectrum for comparison. 

R K vS IT L T vS AND DISC V S SION S 

The calculated Raman shifts of the substances both in the liquid state 
and in the solid state at different temperatures are given in Tables I and II. 


Taui.r I 

I// -Xylene CfiH4 , 

A*' in cm"* 


Liquid 

Solid (present author) 

Magat (1936) 1 

Present author 

i i 

At about -8i)*(T | 

At -i8o’C 



41 (j) e j 

41 (i) e 



5 Q (2) e 

59 (2) e 



81 (6) c, k i 

Qo (2b) e, k 

200 (4) 

2o<^ (3)±e 

1 


224 (6) 

231 ( 5 )±e, k 

236 (i) e, k 1 

236 (0) e, k 

295 (3) 

282 (3)±e, k 

282 (n) e, k j 

282 (0) e, k 


318 (lb) e, k 

i 


1 

461 (2) +e, k 

1 


5 M Ul 1 

517 (4) e, k 

j 513 (i) c» k 1 

513 (0) e, k 

(6) i 

540 (7)+e, k 

.S36 (2) e. k ! 

534 (i) e, k 


588 (0) e 




647 (i) e 




679 (0) e 



725 (ro) 

737 («o)±e, k, i 

721 (5) e, k 

721 (3) e, k 

77 ^ (c^-S) 

766 (i) e. k 
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Tahkh I — ecu id . 


1 

Liquid j 

Solid (present author) 

Magat {1936) 

Present author 

At about -8o'C 

At -iSoT 

S19 ( 3 *^) 

812 (<‘) e 

828 (3) e, k 

887 (lb) e 

' S26 (u) c, k 

820 (0) c, k 


9-13 (1) e 




08 (i) e 



I(K)U (12) 

1000 (12) e, k, i 

inuu (7) C, k 

1000 (5) e, k 

1032 (l) 

1035 (2) e, k 

1035 (0) e, k 

1035 (0) e, k 

I 0 C>J (l) 

1093 (2) e, k 

1093 (0) e, k 

1093 (0) e, k 

1167 (1) 

J2in i ' j ) e,k 

1210 (0) e, k 

1210 (1) e, k 

1246 (4) 

1250 (4) e, k 

12}S (2) e, k 

1248 (1) e, k 

u68 (0.5) 

1265 (2) e, k 



1342 (5) 

1349 (>) 



1375 (5) 

3 3tk) {5) c, k 

' 1374 i-2) t*. k 

1374 (i) h 

1448 (iW 

! 1446 (2b) e, k j 

i 1 



1592 (^) 

! 1592 (3) e. k 1 

1592 e 

159 -i 1'’) ^ 

i 

2613 (3) i 

1 

2571 (0) 1 

2731 ( 0 - 5 ) 

1616 (5) e, k j 

1 

i 

j 

1610 (1) e, k 

lOio (i) c, k 

2866 (3) 

2874 (3b) e, k i 

2868 (1) k 

2808 (0) k 

2917 (8l>) 

2920 (6b) e, k 

2911 (4b) e, k 

2911 (2b) e, k 



2962 (1) k 

2962 (1) k 

8014 (3) 




3045 (7b) 

305S (4) ^ 

3<*15 (2) k 

3^15 (*) ^ 

3217 (iW 

! 
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Tabi.e II 

/'-Xylene, CeH^ (CH3).; 

Av in cnr’ 


Liquid 

1 

1 Solid (present author) 

Magat (:g36) ' 

1 Prc-^ent author 

1 

1 At about- 3o“C 

At-iSo%' 



55 («) 

5 '^ ( 1 ) ^ 




1 gS ( 1 ) c, k 

1 




; 87 ( 2 ) e k 



01 ( 2 b) 0 , k 

' loS ( 2 ) L‘ k 




118(1 b) e 

I?' (<“* 5) 

i 



511 (7) 

j 51 " (;) i e. k 

316 (j) e, k 

310 ( 1 ) e, k 

389 (0) 

389 (i) e 



460 (?) 

1 4^'^) (10) + e, k 

4«w) ( 1 ) C‘, k 

4 O') ( 1 ) e, k 

510 ( 0 ) 

I 

505 (") e 



^’13 

^17 (^‘ 1 i', k 

947 (i 1 e, k 

9)7 (1) e, k 

^97 (n) 

^^97 (1) (• 




7^5 (i) f 




754 (i' <• 



811 (. 1 ) 

1 8 <*o {.]) 1 e. k 

S(>() ( 0 ) e 

S«>(.) ((.) 1 
i 

(!-■) 

8 j() ( 12 ) f f, k, i 

1 

' S 2 g (0 e, k 

1 8'2g(3>e ) 


HhK* (l) k 


1 

j 

K’.-SOfo^ 1 

1 

j 

112 '- ( 2 ) i\ k 


1 

i 

1 

1 182 ( 2 ) ! 

1 

nSc ( 2 ) c, k 

1185 ** 

1 

. 1185 (n)e 

J 212 (S) ! 

1210 (jo) e, k i 

J 2 IO ( 5 ) e, k 

I 2 JO ( 5 ) e, k 

i3J<- (:■) j 

1319 ()) e 

1 



13^0 (0) e ! 



1382 (6) , 

1380 (6) e, k i 

l37« (0) e, k 

1375 (»b) e, k 

-1452 i 2 h ) I 

1 

1450 (2b) e, k 

1448 (0) e 

1448 (lb) e, k 

1 

1 

146^^ (ih) e 




Hg 4046.^ 
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PLATE XA 
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PLATE XC 



Microphotomctric records o! the Raman spectra 

Fig. 5. Para xylene et — 30®C 
Fig. 6 at -180”C 

( «>i=50cm'^, cm'*, <*>8=87 cm'*, 


«> 4 = 108 cm‘*, <08=148 cm'*) 
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Tabi,e II — conid. 


Litjnid 

Solid (present author) 

Magat (1936) 

Pre^^ent aulhoi 

At about -30*0 

At 


1519 (0) e 



1575 (J) 

1580 (2) e, k 

; (■') *■ 

1580 (n) e, k 

1616 (f) 

1622 (S) c, k 

' 1620 { ’) e 

1^20 (3) e, k 

273 (2) 

.7,10 (2) e, k 

2740 (.)) k 

f 

2*740 (0) k 


28( 5 (ib) e, k 



2867 (5) 

c 

cc 

2868 (lb) k 

2S6S (lb) k 

2920 (C) 1 ») 

2 Q 22 {5b) e k 

29:1 (jb) e 

.*()2i (2b) e, k 



2942 (c) e 

2942 (2) e k 

(5* 1 

3014 (2) k 

3 ‘I4 (2) e ' 

[ 3014 (2) k 


3026 (?) e, k 

3026 (2) e 

I 3026 (2) k 

3050 ( 7 hj 

3063 (4) c, k 

3061 (3) e, k 

1 30b 1 (4) e, k 

3214 (d)) 





Tlie tables also include for comparison the Raman shifts of these substances 
in the liquid state reported by some previous vvoikers. The spectrograms are 
repioduced in figures i and 2, Plate XA. Microphotometric records showing 
the intensities of the low frequency lines at different temperatures relative to 
some other lines due 10 intramolecular oscillations are also reproduced in 
figures 3—6 (Plates X B~C). 


ia) Raman lines of the substances in the liquid state : 

Tables I and II show that some of the w^eak lines observed in the present 
investigation for these tw^o compounds have not been recorded by previous 
workers. Such extra lines observed in the case of m-xylene are at 31b (ib), 
461 (2), 588 (o), 647 (i), 812 (0), 887 fib;, 943 (il, 968 (1) and 1210 (2) cm"’ 
and in the case of the other compound the extra lines are at 593 (o), 725 ' i)! 
754 (i;, 1000 (i), 1120 (2), 1360 (o), 1466 (ib), 1519 (o) and 2805 (ib) cm 
As the extra lines 461 (2), 647 (i;, 812 (o) and 1210 (2) cm'" observed in the 
case of JM-xylene coincide in positions with the strongest lines of the para com- 
pound, it is suspected that a small percentage of para compound is present as 
impurity in the experimental substance used as meta-xyleue in this investiga- 
tion. Similarly, the presence of the extra lines 725 (i) and 1000 (i) cm"' in 
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the spectrum of the liquid para xylene indicates the contamination of the 
substance by minute traces of the meta compound. The other extra lines 
observed in the present investigation seem to be genuine Raman lines of the 
respective liquids. 

Previous authors, on the other hand, have reported the existence of four 
lines not found in our spectrogram in the case of each of the two xylenes. 
For meta xylene such extra lines are at 1167 (o), 2571 (0), 2731 (0.5) and 
3217 (ib) enr^ while for the other compound they are at 170 ^0.5), 540 (0)?, 
1036 (0) and 3214 (lb) cm"^ The lines assigned by previous workers a^ 
2731 cm”' and 3217 cm”' in the case of meta xylene and as 3214 cm”' in the 
case of the para compound cannot be attributed to the C— H valence oscilla- 
tion, because although there are traces of the lines at their positions corres- 
ponding to 4046 1 excitation, no trace of them is found at the positions 
coi responding to the much stronger excitation by 4358 -S. Hg line. They can 
be satisfactorily attributed to the C — C valence vibration and the C — H 
deformation vibration excited by the 4358 A Ilg line. These lines are 
assigned as the lines 943 cm”' and 1446 cm”' of the meta compound and the 
line 1466 cm“‘ of the para compound as given in Tables I and II respectively. 

(b) Raman lines of the substances in the solid state : 

It can be seen from Tables I and II that meta xylene when solidified and 
cooled to -8o°C, (m. p. of m-xylene is~52®C) gives rise to three new Raman 
lines in the low-frequency region while the para compound in the solid state 
at -30®C (m. p. of f'-xylene is i3°C) gives rise to two new lines in the low- 
frequency region. When the solidified mass is cooled down to ~i8o°C, the 
low-frequency lines of the meta compound show little change in their 
intensities and positions except the shift of the band at 8i cm”' to 90 cm”'. 
The low-frequency lines of the para compound, on the other hand, show 
remarkable changes with the lowering of temperature of the polycrystalline 
mass to ~i8o°C. Two more low frequency lines at 68 cm”' and 148 cm”' 
respectively appear and the broad line at 91 cm”' breaks up into two equally 
intense lines at 87 cm”' and 108 cm"' when the solid mass is cooled to 
-i8o®C. Thus, with lowering of temperature of the solid para xylene from 
-3o'’C to - i8o®C, the number of low-frequency lines increases from two to 
five. Moi cover, it is evident from the microphotometric records reproduced 
in figures 3—6 that the intensities of some of the low-frequency lines do not 
diminish appreciably with the lowering of temperature of the crystals of meta 
and para xylenes to - i8o®C. On the other hand, the intensities of some of 
the low-frequency lines increase while those of the other lines practically do 
not show any change with lowering of temperature. 

We can now try to understand the above results of our investigation from 
the points of view of different theories regarding the origin of these low- 
frequency lines. The ultraviolet absorption spectra of these xylenes were 
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studied previously by bwaniy (1952). It was observed that the absorption 
bands of these substances become sharper with the solidification of the samples 
and with the lowering of the temperature to — i8o®C. He concluded from 
these results that with the lowering of temperature angular oscillation of the 
molecules tends to cease. We can, therefore, see that if the low-frequency 
lines originate from the angular oscillations of the molecules fixed in the 
crystal lattice as postulated by some previous workers their intensities should 
invariably diminish with the lowering of temperature of the solid mass. The 
evidence being on the contrary, we conclude that at least some of these lines 
cannot be due to the angular oscillations of the xylene moleculej fixed in the 
crystal lattice. An alternative explan ition of the origin of these low- 
frequency lines was given by Sirkar (1936). According to his theory, the 
low-frequency lines are due to the intermolecular vibrations in groups of 
molecules formed by virtual bonds amongst the molecules in each group. In 
this associated group, the molecules may execute both translational and 
rotational oscillations giving rise to the new Raman lines in the low-frequeiicy 
region observed in the case of crystals. The enhancement of the frequency 
shifts of the low-frequency lines with the lowering of temperature can be 
easily understood to be the result of the increase in the strength of the virtual 
bonds which are formed between neighbouring molecules in the solid state 
with the lowering of temperature. Moreover, at lower temperatures the 
molecules come closer together and association between next neighbours may 
take place. These new virtual bonds may be responsible for the increase in 
the number of low-frequency lines at lower temperature. 

This hypothesis of association of the molecules in the solid state in this 
particular case seems to be unavoidable in view of the fact that the intermole- 
cular field in the liquid state is too weak to make the frequency of angular 
oscillation as high as 10^ V^cc. This can be seon from the results of investi- 
gation on the absorption of U. H. radio waves in meta xylene reported by 
Ghosh (1953). He observed an absorption peak of frequency 8.2 x lo^/sec 
in the case of m-xylene at -30®C and this peak was attributed to dimers. 
The peak due to inonoiiier was expected to have a frequency of the order of 
10®/ sec. The frequency of the angular oscillation of the single molecule in 
the solid state, therefore, cannot be greater than lo'Vsec in this case, unless 
there is a thousandfold increase in the intermolecular field. As the frequencies 
of the new lines are of the order of io^*/sec the intermolecular field is much 
stronger in the solid state than that in the liquid, as pointed out recently by 

Sirkar (1951)* 

A comparison of the number and positions of the low-frequency lines of 
the two compounds studied in the present investigation show that the relative 
positions of the substituents in the benzene ring have considerable influence 
on the low-frequency lines exhibited by these crystals. Also it is clear that 
the low-frequency lines of the para compound show considerable changes with 
lowering of temperature to i8o°C, while those of the meta compound 
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practically do not show such changes under similar condition. This difference 
in the behaviour of these two compounds with lowering of temperature is 
certainly related with the relative positions of the substituent groups in the 
benzine ring. The molecule of the meta compound, duo to iheir unsymmetri- 
cal structure, possesses permanent electric moment. Hence the polar 
molecules of the meta compound gel associated more easily even at a 
temperature just below the freezing point than the symmetrical molecules of 
the para compound, and with further lowering of temperature only the virtual 
bond may strengthen a little in the former case. The molecules of the para 
compound, however, come closer and closer together when the temperature is 
brought down to ^ i8o”C and the molecules probably disturb the symmetry 
of their neighbours only when they are suflSciently close to each other. The 
association of molecules in the case of the para compound is, therefore, 
complete only at very lew tc/iiperaliires and not at a temperature just below 
its freezing point. 

(ci fJnes of sni/rle molecule in the solid slate : 

All the [)i eminent Raman lines of both the meta and the para compound 
in the liquid state are found in the Raman spectra of tliesc substances in the 
solid state and the relative intensities of these lines remain unaltered with 
solidification. The frequency-shifts of the intense lines 517, 5/|o, 727, 1380, 
1616 and 2920 ciii*^ diminish slightly while that of t!ie line 231 cm”^ increases 
with solidification of the substance. In the case of the para compound also 
the lines 310 and 13S0 cm~’ shift respectively to 316 and 1375 cin“"* while a 
new line at 2942 ern''^ appears with solidification. This probably indicates that 
the influence of the intermolecular field on the modes of vibration of the 
molecules in the solid state defjends on the symmetry of the molecule and that 
meta xylene n:olccule being more asymmetiic than the para xylene molecule 
greater number of vibrations are affected by intermolecular field in the former 
case than in the latter case. 

The line at 2874 cm'^ of the meta xylene due to C — H valence oscillation 
shifts to 2868 cm“^ with the solidification of the substance. Another line at 
2920 cni^^ of meta xylene due to this C — H valence oscillation splits up into 
two lines at 2911 cm"'^ and 2962 cni~’ with the solidification of the substance. 
Similarly for the para compound the line at 2922 cm~’ bieaks up into two lines 
at 2921 cni*^ and 2942 cm“^ with the solidification of the substance. Such 
changes in the lines due to C — H valence oscillation of the xylene molecules, 
when the other intramolecular oscillations of xylene molecule are little affected 
with solidification, may lead one to conclude that the association of the 
neighbouring molecules in the solid state in case of xylenes probably takes 
place through the hydrogen atom. It may be pointed out here that even 
when polymerization takes place at the expense of a regular C — C bond in 
in methylmethacrylate, the other lines of the methylmethacrylate molecule do 
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not change appreciably (Roy, 1953). Hence in the case of the xylenes also 
considerable changes in the positions and intensities of other lines are not 
expected if association takes place through C — H bonds. 
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ELECTRICAL CONDUCTIVITY OF SINGLE CRYSTALS 
OF GRAPHITE ALONG THE BASAL PLANE AND 
A NEW AND SIMPLE METHOD OF MEASURING 
ELECTRICAL CONDUCTIVITIES 

By AJIT KUMAR UUTTA and AMALENDU CHOWDIIURY 

Indian Association fok Tin*: Cultiv\tio\ of Scikntf, C\LcrrrA-3-> 

{h'cccivcd fo) I'u^^licnlion, June S, ig^i) 

ABSTRACT. 'I'he clecTrical rornluctivity of single ervstnis of graphite for currents 
along the basal plane, shov\s a grad ial increase with decrease of thickness. This has been 
shown to be due to the fact that owing to the large electiical anisotropy, tlie current 
distribution is not uniform throughout the entire thickness and in consequence all .methods 
involving the question of actual electrical contacts will not give the pi oper value of the 
conductivity. The present paper give'* the details of a very .simple method of measuring 
the electrical conductivity of specimens in the form of tliin plates, in which the ()ue.stion 
of electrical contacts have altogether been eliminated. The method depends upon the 
observation of the damping produced due to eddy currents generated in the .specimen when 
oscillating in a uniform magnetic field. Finally, it has been shown that the conductivities 
obtained from crystals of different thicknesses remain practically the .same. 

INTRODUCTION 

Graphite Is a well known hexagonal layer latticed crystal. It occurs in 
nature in the form of thin flakes parallel to the basal plane. It exhibits 
various peculiar electrical and magnetic properties (Ganguli and Krishnan 
1936, 1939, 1941). Recent measurements by Dutta (1953) of its principal 
electrical conductivities over a wide range of temperatures have shown that, 
the conductivity along the basal plane, n-i,is of the order of 10^ ohm’^ 
cm^^ while o-ii, the conductivity perpendicular to the basal plane is about 
I ohm"^cm’‘\ Moreover, it has been observed that for currents along the 
basal plane there is a gradual increase of conductivity, with decreasing thick- 
ness and that there is no such effect for currents perpendicular to the basal 
plane. The reason for this appears to be that owing to the large electrical 
anisotropy of the crystal, the current density over the area of cross-section 
normal to the basal plane, is not uniform and hence the effective thickness of 
the crystal (i.e. the equivalent thickness carrying the mean current through 
the cross section on the assumption of uniform current density) with the usual 
methods* for measuring is much smaller than the actual thickness of the 
* The usual method consists in measuring the drop of potential along a rectangular 
crystal flake through which a known cunent is passing, the two ends of the crystal 
specimen being electrolytically coppered to form the potential terminals For details of 
measurements one may refer to original paper (Dutta, loc cit.) . * ; . 
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crystal. Consequently the values of calculated on the basis that' the 
entire thickness of the crystal is efTectivc in conducting the current, will 
naturally give values which are too low— the values being smaller the 
greater the thickness. Since in all the existing methods of conductivity 
measurement, the tiuestion of electrical contact is involved, none of them will 
evidently be suitable for electrical measurements with highly anisotropic 
crystals like graphite. Dutla Ooc. cit), hovNcver, from a large number of 
measurements with decrear^ing thickness of the crystal, tried to extrapolate 
the value of the conductivity to an infinitely small thickness, giving the true 
conductivity. But the accuracy of this procedure is limited by the fact that 
very thin crystals beyond about .01 mm, as vvill be. necessary for a proper 
extrapolation, is difficult to prepare and take measurements with. In the 
present paper, following Dutta’s suggestions floc. cit) a new method in w’hich 
the above difficulties may be overcome, has been developed, suitable for 
specimens in the form of thin plates, depending upon the observation of the 
damping produced by eddy currents generated in the specimen oscillating in a 
uniform magnelic field. 


T H ( ) R Y O F T H I{ M U T H O 1) 


' When a rectangular specimen of the singh' crystal is suspended with Its 
plane vertical from the end of a fine calibrated quartz fibre and executes small 
oscillations in a uniform magnetic fiedd, the mean position being such that 
maximiini number of lines of force cuts the plane of the specimen normally, 
the oscillations will be clamped due to the following causes : (i) resistance 
and viscosity of the air, (2; internal friction in the suspensions, (3) eddy 
currents and (.1) magnetic anisotropy of the specimen. The equation of* 
motion can then, evidently be represented by 


lo 


(P& 

dl^ 


== o 
di 


(I) 


where lu is the moment of inertia of the specimen abf,ut its axis of suspension, 
F is the damping coefficient, is the torsional moment of the suspension 
fibre p-n* unit angle of displacement, and is the angular displacement of 
the specimen at any time t. 

From eq. (i), we obtain the solution 

cos hf + B sin 


, F , ^ Ur 

where a = - ^ 7 2 » 

2I0 - ' 

and A and B are constants depending on boundary conditions. 
The lime period ,T, will, therefore, be given by 
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The corresponding Jogarithniic decrement, A, is given by 
A _na ~P 

The coefficient of damping is given by 


(3) 


F = 4h^ 


(4) 


This includes dampings due to all the various causes stated above, i. e. 


where h is the coefficient of damping due to eddy currents, 

/a, that due to viscosity and resistance of air, 

/a, that due to internal friction of the suspension system and 
/4, that due to the magnetic anisotropy of the crystal. 

Knowing independently /a, fa and /4, we can at once find out the value 
of fi in which alone we are interested. 

Now, if a small rectangular specimen of length / and breadth h os- 
cillates in a uniform magnetic field H in a manner already indicated, then 

d6 

the e.m f. induced in it at any instant is given by expression, IbH j-, 

at 


where 


dt 


is the angular velocity. 


The current so generated will be 


IbH dS 
R dl 


where R is the resistance of the specimen in the vertical plane of suspension. 
The iiionient of the force due only to this induced current opposing the 
motion of the specimen, is evidently given by the expression 


de 

R dl 


Obviously, then. 



( 6 ) 


Again the resistance, R, in the path of the eddy currents in the specimen will 
be given by (Drysdale and Jolley, Vol. 1) 


R = P 


2(1 + b'l 

bd ' 


where p, is the specific resistance of the specimen in the 


vertical plane of suspension and d its thickness. Therefore 


i. e., the conductivity 


^ 2 h{l+b) 


^- 2h(l+b) 

l^b^dH^ 


X 10* ohm“* cm”*. 




• 4* 
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EXPERIMKNTAL 

As it appears from the above considerations, the method of measuring 
conductivity would be simply to suspend the spcciineii in a iinilorm magnetic 
field with its plane vertical from a calibrated quartz fibre, and to observe the 
lime periods an. I logarithmic decrements with the magnetic field switched 
on and off. But the complication due to /4, arises in the particular case of 
the single ciystals of graphite. When a ciystal of graphite suspended with 
its basal plane veitical is placed in a uniform niagneiic field, owing to its high 
diamagnetic anisotropy, the crystal immedis^tely sets with its basal plane along 
the direction of the field after making few heavily damped oscillations, 
thereby making it impossible to observe amy eddy current damping. This 
difficulty has been overcome in the present work by attaching another crystal 
of graphite of mass and size, very much larger in comparison, below the 
experimental specimen vertically and having their planes at right angles 
to each other. When this composite system is placed in a uniform magnetic 
field, the bigger crystal wili piactically set itself along the field keeping at the 
same time the plane of the experimental specimen at right angles to the 
field. 

Small rectangular specimens having their planes parallel to the basal 
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plane were cut from different samples or crystals of graphite— their 
dimensions being accurately ineasuied with the help of a travelling microscope 
and a micrometer, both reading upto .001 mm. These specimens are 
attached, having their planes vertical, to the end of a thin and rigid glass rod 
whose other end is fixed to a calibrated quartz fibre. The bigger crystal is 
attached below the specimen having its plane vertical and at right angles to 
that of the upper one. The attachment between the two crystals is effected 
in such a way that they are electrically insulated from each other. A small 
circular mirror is attached at the top of the glass rod. The entire system is 
suspended from the pin of a graduated torsion head and enclosed in a glass 
tube to prevent the effect of wind and dust. This arrangL!nent is placed in 
a magnetic field in such a way that the crystal specimen remains always at 
the centre of the field gap. The arrangement is shown diagrammetically in 
figure 1. Applying slight twist to the torsion head the ciystal system 
was made to execute small torsional oscillations. The time period and 
decrements of oscillations were observed by means of a telescope and 
scale arrangement. 

In order to find out the values of the different damping coefficients /a, A 
and /4 stated above, the time periods and decrements of oscillations in and 
outside the magnetic field were determined with each of the crystals ( the 
smaller experimental specimen and the bigger setting crystal) separately, as 
also with the combination. The different values are represented in Table I. 
It may be mentioned in this connection that the clamping due to the dia- 
magnetie anisotropy has been found to originate from both the crystals, the 
upper smaller one as well as the lower bigger one. 

DISC V vS .SIGN 0 F THE K \i S h T S 

Before actually measuring the conductivities of the single crystals of 
graphite, the accuracy of the method was tested by experimenting with a 
small rectangular specimen of puic and annealed copper. The valre of the 
specific resistance was obtained to le 2.654x70^*’ ohm cms. The same 
specimen when measured uilh a Kelvin’s double bridge yielded a value 
2.665 X 10 ohms cms. 

Measurements on graphite were made with a large number of single 
crystals obtained from different sources. A typical ‘^et of such measurements 
on crystals of varying thicknesses obtained from a particular sample are 
represented in Table 1. The values of conductivities at different thicknesses 
obtained by Dutta ( 1 . c.) are also shown in Table 11 . 

On a perusal of the present results we find that due to a variation of 
thickness by about 7 times, the value of conductivity varies unsystematically 
and is well within experimental errors. In the measurements by Dutta, for 
such a change of thickness, the conductivity varied by a factor of about 2 , 
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Taw,e II 


Crystal thickness 
in fills 

ff} X 10< 
obnr' cms'* 

.058.1 

52^1 

n 


0394 

9901 

• 0^53 

J.006 

0114 

1 012 


Thus it can Ije argued now that the explanation put forward by Dutta 
in his paper (loc. cit.) appears to be a plausible one. There may be other 
reasons also, e. g. the structural difference from layer to layer which as yet 
could not be correlated by electrical measurements. 
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ABSTRACT —Resonance energies, electronic trapisiLions and ^-electron densities have 
been calculated by LCAO MO method for pol>phenylsj The electron densities have been 
correlated with the chemical reactivities of these compounds at different positions of the 
ring. Possibility of using frontier electron density instead of ir-electron density has also 
been indicated. 


INTRODUCTION 

Many properties of unsaturated organic molecules may be, at least 
qualitatively correlated with the distribution of electron densities in the 
isolated molecule. Such properties include the case cf cationoid substitution 
at different positions of the molecule. Extensive work has alieady been 
done in this field by Huekel (1931), Pauling ct al (1953), Coulson (1947) and 
others for a large number of aliphatic, aromatic and hetero-cyclic conjugited 
organic molecules. In the present paper is reported the results of molecular 
orbital calculations for three polyphenyls, namely, biphenyl, terphenyl and 
teliaphenyl. The chemistry of biphenyl is faiily well established 
and a correlation of the reactivity of this compound with ?r-electrou density 
has been made. The chemistry of two other compounds are not yet 
fully established. A prediction of their reactivity from theoretical calcula- 
tion will constitute a test of the validity of such calculation as the chemistry 
of these compounds are investigated. 

Application of molecular orbital theory to these system is expected to be 
rather unjust. The C— C bond distance between two benzene ringe is 
greater than those in the ring itself ; consequently a complete overlap of the 
TT-electron wave function cannot be freely assumed. However, recent 
application of electron gas theory to the spectra of these compounds by 
Nakajima (1953) and its fair agreement with experimental result show that 
the concept of complete overlap of the wave function is approximately 
correct. Furthermore such overlaping will be possible if the rings lie on the 
same plane ; but if they take up a nilutiplaner configuration the interaction 
between various rings will be destroyed and the system will behaVe like a 
collection of benzene rings. But since in co-planer configuration resonance 
effect will reduce the energy of the system appreciably, this configuration 
3— 185*1*— 7 
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will be most favoured in the ground state, although in the excited stal6 
multiplaner configuration will be possible. 


THKORETICAL FOUNDATION 


The method of calculation is well known. It is assumed that in the 
conjugated system the greater reactivity may be attributed to n-electrons and 
not <r-eleclrons. Attention will therefore be restricted to the former. It is 
convenient to express the molecular orbitals (MO) of the 7r-electrons as linear 
combination of atomic orbitals (LCAO) of the carbon atoms constituting the 
conjugated system. Each MO is then written in the form 

= ... (l) 

r 

where to are the 2 pz atomic orbitals of the carbon atoms i to r in the 
system constituting r atoms in conjugation. It is further assumed that the 
atomic orbitals (AO) are orthogonal and normalized, viz, 

/ ^>r0idr=T, ‘ifr = 5 

= 0, otherwise ... (2) 


On these assumptions, the energy of an electron (E) in is given by the usual 
secular equations 


where 


(Er-E)Cr + ^PrsCz^O 

r, ^r=T,2,3...r) 

E ,.— = Coulomb integral 
Ai= = resonance integral 


(4) 


In solving these equations for the molecules under consideration we assume 
that 


(/>\ if f and « are bonded 

] ... (5) 

(o, otherwise 

where ^ has the same value for all C- C bonds. We assume also that the 
Coulomb integral Er has got the same value for all the carbon atoms and 
write it as Eo, 




With these assumptions, the secular equation (3) takes the foim 

Or more briefly 


^Eo-E)CV + :S/3C,=o 
s bonded to r 


WCr + ^^C,^0 


... ( 6 ) 


It is evident from equation (6) that for simplest case of biphenyl with 
12 carbon atoms in conjugation, we get 12 secular equations from which we 
can construct a 12x12 determinant in W and P, the solution of which will 
give us 12 roots for IV and consequently for E the energy states of the 
jr-elcctrons. Each of these energy states will be occupied by two electrons 
of opposite spin ; so in the ground state lower 6 of 12 energy states will be 
occupied. Substituting these roots in the secular equatbn (6) and applying^ 
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the coadition that Cf + €! + .. .C?j = o, the coefficients C,, C*, fj, etc. for 
various eneigy states can be calculated. The total density of ^-electrons at, 
say atom 5, is given by where theisumniation is taken over all the 

occupied orbitals. , 

APPLIC.M'ION OF GRC|UP THRORY 

Fioin what has been said it is clear thafin order to get energy states of 
the JT-electrons we are laced with the solution of a 12 order equation in the 
case of biphenyl, i 3 order equation in temhenyl and 24 order equation in 
tetraphenyl. Difficulties, labour and uncerpinties associated with such 
calculations are well known. However, tw symmetric structure of many 
organic molecules enables us to break up thes| higher order equations into 
a number of lower order ones by applyinjf the group theory. We will 
illustrate the method by taking the case of biphenyl. 

The symmeliy group in biphenyl is V^h and n--electron molecular orbitals 
are of species B,«, B^g, B^g and /I,,. The numbering of atomic orbitals are 
shown in figure i. 


C, 



Fig. I. 

AO forming the MO for biphenyl. 
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We then have for MO species 

^8 = C5 = Cg^ C j2 — , Ci^CiQ and 

I C2 ~ ^a“C5= Cg = “~C^i2> "“^10 and = “ O7. 

Hgf/ : C2*" “^Cg^Cg — ^3~"”^5~^b~ ^i2> and 

C| = C4=t7~6'ig*SO 

and Au ** and 

Ci = 6 4 = 67 = 610 = 0 

Applying these conditions to equation (6) we can break up the original 
12 order determinant into two fourth order and two second order equations, 
the solution of which gives us the values for twelve energy states out of 
which lower six will be occupied in the ground state. The equations were 
solved by ‘pinch' method correct up to first decimal place. 

The calculated electron densities are shown in the figure 2 for three 
polyphenyls. Values are necessarily approximate. 

Resonance energies : Total single electron energy in the occupied 
states for biphenyl is 6 £o + 8.4/3 and since each energy state is occupied by 
2 electrons the total 7 r-electron energy is i2Eo+i6.8^. For two Kekule 
strutures of the biphenyl with fixed bonds we have the total ^r-electron energy 
i2£o + i2iQ. So the resonance or delocalisation energy of biphenyl is (12E0 + 
16.8/3) -( i 2£(,+ 12/3) = 3,8/3. Similarly for ter- and tetraphenyl the calculated 
resonance energies are 6.36^ and 9.40P respectively. It is evident therefore 
that the energies are incteasingly lower with increase in the number of 
phenyl rings. 

Absorption spectra : The first intense absorption line in the UV region 
takes place due to a transition of the jr-electron from the highest filled level 
to the lowest vacant level (N-»F transition). For biphenyl this transition 
corresponds to an energy change of If we assume this to be equal to 
the centre of gravity of the UV line {39,2000 cm^O in biphenyl, then the 
value of P comes out lo be 19,000 cm*\ (For simple benzene system 
/ 3 =: 23,000 cm”' (Nakajime, 1953.) With this value of /3 we calculate the 
value of the centre of gravity of the absorption line for ter-and tetraphenyl 
from the corresronding energy changes (i.6p and 1.35/3 respectively) in iV-~>F 
transition. The calculated values for ter- and tetraphenyl are respectivly 
31,560cm”' and 26,460cm*' compared to the experimental values of 35,000cm*' 
and 32,700cm-'. Although the absolute values do not agree closely enough, 
the shift in the absorption frequencies are in the right direction, namely, 
towards red region (the familiar red-shift in reasonating molecules). This 
dis-agreenient, how ever, is not surprising. The experimental values are for 
solutions of these compounds in some organic solvent, w bile the theoretical 
values are true for crystalline solid where the molecule takes up a coplaner 
structure as established by X-ray investigation (Dhar, 1932). Measurement 
of UV spectra will therefore constitute a real test of the theory when applied 
to crystalline solid. 
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if-hleciron density and chemical reactivity .* The problem of predicting 
the reactivity of organic molecule at a particular position has been solved 
to some extent by means of IX'AO molecular orbital method. In treating 
such problems, two methods have been i used by several authors ‘ one may 
be called the transition state* method |Whe]and, 1942) and the other 
^'-electron density* method (Pauling, lu the former method the 

configuration of transition complex is assuiAed a priori on the basis of some 
other theoretical or empirical arguments, aid the method is usually associated 
with tedius calculations. In the latter metlod, on the other hand, the density 
of TT-electron at variours positions are calJalated as has been done in the 
present case (figure 2). Next, it is assumed that the greater the calculated 
jr-electron density at one position, tlie greater the ease and rale of substitu- 
tion at that position by cationoid rea^iit, while anionoid substitution 
proceeds most readily at the position where the calculated density is lowest. 
In biphenyl position of highest electron ilensilies are i and to. So it gives i : 
10 dinitro, dibromo, dichlcro and disulfoiiated products. Next in order of 
reactivity are the position 4 and 7. These positions are sterically hindered 
and an attack at these positions brings about the degradation of the molecule 
leading to the formation of benzoic acid. With boiling nitric acid, however, 
biphenyl gives i : 3 and 10 : S dinitro derivatives. This is similar to ortho- 
para substitution in benzene. Consequently we may assume that under this 
condition biphenyl takes up a multiplaner configuration. Similar is the case 
of oxidation with ozone when a (etraquinone is formed. That the ring 
system takes up a multiplaner configuration in these compounds has been 
established by their optical activity (Gilman, 1947), 

In the case of terphenyl the electron densities are maximum at 7 and 10 
position. Consequently this compound will undergo easy oxidation to benzoic 
acid, but will never form terepthalic acid. Next in order of reactivity are 
the positions i and 16, which will give diderivatives fairly easily. Central 
ring in this compound will be least reactive and the compound will decompose 
before any substitution can enter the central ring. 

Tetraphenyl will be more stable than terphenyl, electron density being 
maximum at i and 22 position. Further more substitution will enter the 
terminal rings leaving the central rings unaffected. Degradation of this 
compound will lead to formation of benzoic acid but not dibenzoic acid. 

All these predictions are valid for co planer configuration. With hot 
nitric acid reaction may take different course due to multiplaner configuration 
of the molecule. 

Frontier electron density and reactivity : From what has been said 
above it is clear that the 7:-eIectron density qualitatively predicts the 
reactivity of different positions of biphenyl towards various reagents, 
When we try to make a semi-quantitative calculation of the percent 
yield of a product we are faced with some difficulties. Thus if M be 
the sum of ^-electron densities at different positions and N the ff-electron 
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density at the position, say i, ' then the percent yield of, say nitrated 
product with substitution at i and 2 for biphenyl should be respectively 
30.9 and 13.2. But in actual practice no product with substitution at 
2 position is obtained. Such discrepancies have also been noticed in the 
case of spiro-hydrocarbons. In order to get around these difficulties 
Fukui el al (1953) introduced the concept of frontier electron density 
method iu pretlicting the reactivity of conjugated compounds. They 
assumed that in a chemical reaction the electron at the top of the filled energy 
level enters into reaction, i. e. the electrons at the top has got some kind of 
valency character. So they assumed that it is the density of frontier electron 
that will govern the actual extent of reaction. Such calculations have given 
encouraging result for spiro-hydrocarbons. The results of frontier electron 
density calculation for polyphenyls are also shown in figure 2 (within 
paranthes's). It will be evident that the frontier electron density at 2, 3, 5 
and 6 positions are all equal and the percent yield of nionosubsti^utcd 
product at i and at any other position are respectively 34 and 8. Although 
frontier electron density method improves the result, still it is far from being 
quantitative. Further it is not clear why frontier electrons should govern 
the extent of reaction, because the course of reaction is controlled by the 
attractive force bet\\een the approaching redical or ion and the particular 
position of the molcule. This evidently will depend on the total ir-electron 
density. It may, however, be argued that although the point of maximum 
attack will be governed by the total jr-electron density, the extent to which 
the reaction will proceed may be governed by the frontier electron density. 
How far these assumptions are justified will become clear as more and 
more frontier electron density calculations are made and compared with 
experimental results. 

A C K N 0 W L E U G H M 1 ? N T 

Thanks are due to Dr. P. C. Dutt. and Mr. P. N. Bagchi for helpful 
discussions. 

R R E E R E N C E S 

Cuulson, C., 1947, Trans Farad. Soc , 48 , 87. 

Dbar, J., 1932, Ind /. Phys 1 , 43. 

Fukui, K.,Tenezawa, T. and Shingn, H. 1952,/. Chem. Phys., 20 . 722. 

Giitnan, H., 1947, Organic Chemistry, an advanced treatise, Vol. I, 

Hnckel, E., 1931. 2 . Physik., 70 . 204. 

Nakajima, T., 1953, Scl. Rep. Res, InsU., Tohoku Vnlver., S, 98. 

Pauling, h. and Wheland, G. ,1933, /. Chem, Phys., 1 , 362. 

Pauling, h. and Wheland, G., 1935, /. Amsr. Chem. Sjc., 57 , 2286. 

Whelaid.G, ijn Ibid., «, ))> 



39 


THEORETICAL CALCULATION OF SHIFTS IN 
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ABSTRACT. Using the M. 0 . method of^Herzfe’d the effect of CHj and NHj 
snbstitntions in benzene in shifting the 0,0 positicji of the band system of benzene has 
been calculated. It is suggested tliat the inductive' effect is also to be taken into account. 

INTRODUCTION 

It was pointed out by Herzfeld {1947) that the M. (). method can be 
applied to the computation of the wavelength shift of the 0,0 position of 
the band system consequent on substitution in molecules with conjugated ir 
bonds. Herzfeld performed the calculation for F and OH substitutions in 
benzene. For the F substitution the calculated value was somewhat 
agreeing with the observed shift. For OH, however, the difference was 
large, being only slightly less than 30 % of the experimental value. 

There are two principal effects of substitution — “migration of charge 
into the ring’’ and “the inductive effect’’. In Herzfeld’s computations, 
the migration effect alone was considered. This was in accordance with 
Sklar’s (1939) empirical estimate of the importance of the two effects in 
relation to the intensification of the spectra consequent upon substitution- 

H E R Z F R L D’ S M E T H 0 D 

If 04 be the j'* M.O. of the ring, ^ of the substituent, then neglecting 
charge distortion in the ring by the substitution, the ring elections will 
be in orbitals <pj, and the electrons in the substituent will, in the substituted 
compound, be in the orbitals A/s define the extent of 

migration of the substituent electrons into the ting. Normalisation 
requirement leads to the expression 

X A/ + 2 S Aj^Sj + 6® = I \yliere Sj=l<PildT ... (1) 

The energy of the molecule will be where ^ is the wavefunction 

for the whole molecule, obtaiued by multiplying the orbitals for the various 
electrons, antisymmetrising and normalising- This can be shown to be 
equal to 

SA/w^ + 2 S A4hf>4+ 

(summation over unfilled orbitalsl. Here w, are the energies of the 
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orbital in the substituent and the ring respectively as modified by the 
perturbation of the other, and pj is the exchange integral. The energy in 
substituent, however, is w. The energy change is then 

= S + 2S t') ... (2) 

Minimising this, in the light of (i), leads to 

... (j) 

W Mj 

putting vSubstituting (3) in (2) 

t/ = 2(o>-a)^)A/ 

Now, considering an electronic transition, in the ground state all orbitals 
upto a certain n are fille J up, only the remaining are available for migration 
(j> n) and 

C/f/= 2 (o> — ai/)A/ 

j > n 

whereas in the excited state one electron of orbital n is raised to a higher 
orbital n) (say). The orbital is thus “half closed” for migration 

and. the orbital (pn is “half opened” for it. The same might be thought of 
as complete closing up of (pm for immigration of electrons and complete 
opening up of 0n for the same process ; and change in the excited energy 
level consequent upon migration is 

A 2 (o) ~ loj) A./“ ■“ ■' o}m) /\m^ 

j > n 

The wavenumber shiit is then 

Av = = A - A ... (4 ) 

he he he 


To compute the quantities occurring in (4) a number of simplifying 
assumptions are made, e.g., the distance between the carbon atom and the 
substituent is unaltered by excitation to a higher level, similarly overlap 
integrals between non-neighbouring atoms arc negligible. It proves possible 
to write 





p' 



using (3) above and writing Sj= cZ-^S, S= 5 psidr, 

Pj=C$^’^[p'+ JS{«U+ O)/)], 

ip'= Sp,{Hn + fixKdr 



with Herzfeld. Here c/-'* is the coefficient of the Spir A. U. of s*'* atom, 
in io, are the energies of 0y respectively. 1 he notation is the same 
as in Herzfeld’s paper. In (5) all the quantities can be computed (Herzfeld’s 
formulae 27, aS, 39) using the values of . integrals given by Sklar and 
Lyddane (1939). 
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APPLICATION TO CH3 AND NHg SUBSTITUTIONS 

This method has now been applied for the CH3 and NH2 substitutions 
in benzene* In doing this the fact that the .migrating electrons are coming 
^rom the hybridised orbitals in the sui>stituent is remembered in the 
evaluation of the overlap integrals from forn^lae (23) Sklar’s paper (1939). 

The ionisation potentials of the radi Is in the compounds, and the 
electron affinity of the methyl radical, e taken from the same paper. 
The values of the integrals (excepting 22) are obtained by graphical 
plotting from the values given in Sklar and Lyddane’s paper (1939). 
Q22 has been calculated directly from fcirmula (t8 ). For methyl group 
the overlap integrals have been taken frim Mulliken, Rieke and others 
(1948-49). I 

These results together with those of Hetefeld for F and OH are tabulated 
below. For CH3 substitution the figure giN^n is the resultant red shift for all 
the three orbitals in the substituent. 


Tabce I 


Molecule 

j Calculated red shift 

Obvserved red shift 

CjHsF 

-230 

-271 

CeHsOH 

—1170 

-1730 

CeHsNH 

-1964 

-4055 

CjHsCHj 

- 44 - 3 S 

-605 


D T vS C U S S I O N 

In discussing the results it should be kept in view that in CH3 substitu- 
tion there are no unbound electrons. In the other molecules the migration 
of only the unbound electrons is considered. But in CeHsCHg only the 
migration of bound electrons can be considered. If an orbital in the 
substituent is 5 and the orbitals in the ring be 0;. then, in the substituted 
compound, neglecting inductive effect, the electron in the substituent will 
be in the orbitals 

here define the extent of migration or the substituent electron from orbital 
$ into orbitals For bound electrons A/s will be different from o i.e., a 
certain amount of migration will take place even for bound electrons. (In 
fact it must be supposed that even the ring electrons migrate to a certain 
extent into the substituem ; but this is negligible compared with the 

1 

migration in the opposite direction. The additional space made available 
for the movement of electrons of the ring by the substituent is negligible 
compared with the space made available for the movement of the electrons 

4— 
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of the substituent by the ring.) But it is reasonable to presume that the 
migration of CHj electrons into the ring in C6H,,CH8 will be very small, 
For the other molecules considered, there will be greater degree of niigratiou 
than in CoHjCHs connected with the fact that there are unbound electrons 
in these other molecules. This feature may account for the increasing 
divergence between the calculated and observed shifts in the substituents 
F, OH, NHj, CHj whereas in CH3 actually the inductive eflfect predominates. 
It appears, therefore, that the inductive effect has also to be considered 
in accounting for the observed shifts especially in compounds involving 
migration of only bound electrons. 

A C K N 0 W I, R D G M K N T 

The author would like to express his indebtedness to Prof. K. R. Rao 
for his kind guidance and interest in the work. 
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Plate XI 

ABSTRACT— The intensity-distribution in the rring accompanying Rayleigh radiation 
from liquid oxygen has been studied quantitatively by the method of photographic spectro- 
photometry, using a suitable spectrograph and Hg 4047A line as exciting radiation. It 
has been shown that the intensity distribution in the wing shows a clear maximum at about 
40 cm‘* from the centre of the exciting line and the intensity, instead of increasing conti- 
nuously as the centre of the line is approached, falls off and becomes zero at a distance of 9 
cm"* from the centre of exciting line. The probable causes of the discrepancy between 
this result and that repotted by Crawford et al (1952) have been discussed. 

INTRODUCTION 

It is well known that the wing which accompanies the Rayleigh line 
due to molecules in the gaseous state generally consists of discrete lines, 
while in the case of organic liquids the wing shows a continuous intensity- 
distribution. The question whether in the case of heavy diatomic molecules 
in the liquid state, such as O3, the rotational lines are resolved from each 
other as in the gaseous state was first investigated by Saha (1940). He 
observed a continuous wing in the neighbourhood of the Rayleigh line due 
to liquid oxygen and the intensity-distribution showed a maximum at a 
distance of 50 cm"‘ from the Rayleigh line. These results, when compared 
with those reported by Trumpy (1933) for gaseous oxygen at a pressure of 
60 atmosphers, show that the change of state has a marked influence on 
the width of rotational lines. Trumpy {1933) observed discrete rotational 
lines with the line of maximum intensity at a distance of 60 cm"* from the 
Rayliegh line and the lines were slightly broader than those observed in 
the case of the gas at ordinary pressures. Recently, Crawford ei al (1952) 
have investigated the distribution of iptensity in the wing due to Oj, N, 
and CH« in the liquid state. In the case of liquid oxygen they also have 
observed a continuous wing, but they have failed to notice any maximum 
in the intensity-distribution. They attributed this discrepancy toi the fact 


!► Comnnitiicflted by Prof. S. C Sirkat 
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that Saha did not take into account the blackening produced by the Rayleigh 
line in ils neighbourhood owing to over-exposure. On examining the 
microphotomelric records of the incident and scattered lines reproduced 
by Saha (1940), however, it was observed by the present author that 
there was an inflexion in the curve in the record of the scattered line and 
this hump was absent in the record due to the incident line. It was, 
therefore, thought worthwhile to reinvestigate the Raman spectrum of 
liquid oxygen, using an arrangement in which stray light could be reduced 
as much as possible so as to avoid over-exposure of the Rayleigh line and 
a spectrograph which would give a suitable dispersion and an image of the 
slit free from coma. Fortunately, such a spectiograph was available in 
the laboratory and with this the Raman spectrum of a column of liq Pid 
oxygen, about 15 cm long, has been photographed. The results of analysis 
of the spectrum are discussed in the present paper. 

EXPERIMENTAL 

The experimental arrangement used in the present investigation was 
a simple one as shown in figure i. Z 7 is a Dewar flask made of Pyrex glass, 
the walls at the bottom of which are blown flat so as to make the central 
areas plane and almost parallel to each other. The tube T containing 
liquid air is held in a vertical position and aligned centrally with the help 



Fig. I 

of a stand and a collar S inside the Dewar flask D containing liquid 
air. The outer surface of the Dewar flask D, excepting the window 
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Fig. 2— Microphotometric record of Hg 4047 A group (incident) 

Fig. 3 -Microphotometric record of Hg 4047 A group scattered by liquid O 2 
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at the bottom and two fairly long parallel apertures on either side used 
for illuminatinting the liquid is painted dull black. The tube T is provided 
with a flat window at the lower end which reaches almost the bottom of the 
Dewar flask, and the other end is blown ^into the shape of a horn, the 
outer surface of which is covered with |)lack paper. The collar S and 
the black paper tube surrounding the low^e| end of the tube T serve the 
purpose of preventing direct light from |he mercury arcs and the light 
scattered by the outer liquid oxygen envelope from reaching the window 
of the tube. 

The Dewar flask with the Wood’s t|ibe T was clamped with suitable 
clamps and placed vertically on the box a containing a totally reflecting 
prism P. Tw’o long tubes Pi and R2 wire attached at right angles to the 
prism box in order to reduce stray light|as far as possible. The whole 
arrangement was then aligned accurately? along the optical axis of the 
spectrograph and the scattered light was focussed on the slit of the 
spectrograph with the lens 7>. The Dewar flask D and the tube T were 
filled simultaneously with liquid oxygen filtered through filter papers, so 
that no ice was deposited on the window of the tube T. Though bubbles 
were formed in the liquid oxygen contained in the Dewar flask, the liquid 
oxygen inside tube T was free from such bubbles. Liquid oxygen was 
replenished from time to time in the Dewar flask as well as in the tube 
so that the level of the liquid oxygen in the tube w'as always below that 
of the liquid oxygen in the Dewar flask. 

The liquid oxygen in the tube T was illuminated with the light from 
two vertical mercury arcs, througli the transparent windows on the outer 
wall of the Dewar flask. The scattered light from the back end of the 
Wood’s tube T was focussed with the condensing lens /., on the slit of a 
Fuess spectrograph. This spectrograph has a dispersion of ii A/mm in the 
region 4047A. The aperature of the condensing lens L was adjusted 
so that the scattered beam entering into the spectrograph filled up about 
3ths of the aperature of the colliminating lens. The image of the slit 
produced by the sf)ectrograpli with this arrangement was free from coma on 
the Stokes side. The width of the slit was .04 mm. 

Ilford Special Rapid plates were used to photograph the spectra. 
These plates were suitably backed to prevent the formation of haloes. 
An exposure of three and a half hours w-as sufficient to bring out the 
wing and the vibrational Raman line of liquid oxygen with moderate 
intensity. By trial, the spectrum of light from the mercury arc was 
recorded on a plate from the same packet, using different exposures so 
that the fourth mercury line of 4047 A group was of the same density as 
in the spectrogram due to scattered light. The plates were developed 
under identical conditions. 

For the ptupose of calculating inteiisities from the densities in the 
neighbourhood of the figrline 404 7A< in the spectra due to scattered and 
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incident light, intensity marks were taken on a plate from the same packet, 
Vising tungsten filament lamp as the source of continuous radiation and 
varying the width of the slit of the spectrograph. 

Microphotometric traces of the spectrograms and intensity marks were 
recorded with a Moll recording Microphotometer taking all sorts of 
necessary precautions. From the traces of the intensity marks a density 
vs* log intensity curve was drawn for the wavelength 4050 

Care was taken to take the microphotometric records through corres- 
ponding points of the 4047 A line in the scattered and incident spectra 
so that the distance between the centres of the lines 4108 & and 4047 A 
was exactly the same in both the records. 

The values of intensity on the Stokes side of the scattered Hg-line 
4047 A were calculated for different distances from the centre of the 4047 A 
line. The centre was located by measuring the distance from the 4108A line. 
On the spectrogram due to incident light the intensities at the 
corresponding points on the Stokes side of the incideiu line 4047 A were 
also calculated in the same way and these were deducted from the 
intensity values obtained for the spectrum of the scattered light. Kach 
bf these values were corrected for back-ground intensity and the final 
values for intensity were plotted as ordinates against . wavenumber 
separation from the centre of the line 4047 A as abscissa. 

RESULTSANDDISCUSSION 
The microphotometric records are reproduced in figures 2 and 3 (Plate 
XI). The relative intensities at different distances from the centre of the 
4047 A line in the spectra due to the incident and scattered light are plotted in 
figure 4, It will be seen from figures 2 and 3 that the fourth line of the 



Distance from the centre of Hg 4047& line in wavenumber 

Fig, 4 . 

. JOMick circles give intensity of incident radiation and white circles give^ . ^ 
intimsityof aeatte^^ra^Matao^ - 
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4047 A group of mercury Hues is of the same intensity in both the spectra 
due to the incident and scattered light respectively and figure 4 shows 
that upto a distance of about 9 cm~‘ frcum the centre of the 4047 A Hue 
the intensity distribution in the spectrum o^ the scattered light is exactly 
the same as that in the spectrum due to th^ incident light. As the distance 
increases further the intensity in the spectr|m due to scattered light is 
larger than that in the incident spectrun| and the difference between the 
two values first increases and then gradu^ ,ly falls off to zero as shown 
in figure 5. This difference is due to tjie rotanional Riman spectrum 
and it shows a maximum at a distance 40 cm from the centre of 
Rayleigh line. It may be mentioned thai the 1550 cm"’ line of O, was 
recorded with almost three times the intensitj of Hg line 4136 A. 



Distance fiom the centre of Hg 4047S line in wavennmber.s — > 

Fig. 5 

Difference of intensity between the scattered and incident radiation 

The results obtained in the present investigation support the conclusion 
arrived at by Saha (1940) that in the case of liquid oxygen the intensity 
distribution in the wing accompanying the Rayleigh line has a maximum 
not at the centre of the Rayleigh line but at a certain distance from it. 
This distance was given by him as 50 cm"*, but in the present investigation 
the quantitative curve showing the intensity distribution gives the position 
of the maximum at about 40 cm"* from the centre of the Rayleigh line. 
The conclusion drawn by Crawford et al (1952) that the maximum lies 
at the centre of the Rayleigh line is not correct. It is difficult to account 
for the discrepancy between the results obtained by them and those of 
the present investigation. It has to be pointed out in this connection, 
however, that if any coma be present on the Stokes side of the line 4047 A, 
its extent will depend on the method of focussing the light on the slit 
of the spectrograph and the extent of the coma in the line doe to the 
incident light may not be identical with that in the line due to 
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scattered light and in that case it is difficult to get correct information 
regarding the distribution of intensity in the wing. It is therefore essentially 
necessary to use a spectrograph which, besides having sufficient dispersion) 
should produce no coma even when the wing is over-exposed. It is almost 
impossible to get such a spectrograph, but fortunately, out of half a dozen 
Fuess spectrographs of this laboratory one was found to produce absolutely 
no coma on the Stokes side of the 4047 A line even when the Hg 4136 X 
line was recorded with moderate intensity, and the dispersion was quite 
sufficient. Secondly, in such an investigation the incident line has to be 
chosen carefully so that there is no band in the neighbourhood of the 
line at least on one side. Hg 2537 X line is not suitable) because it is 
always accompanied by a band and a wing on the Stokes side. The 4047 X 
line appears to be most suitable for the purpose of the present investigation 
as can be seen from microphotometric records reproduced in figure 2- 
Probably, Crawford el ai used the line 2537 X as the exciting line and 
in that case it would be difficult to get the intensities due to incident 
line correctly. 


C K N 0 W I, E D G M K N T 
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Plate XII 

ABSTRICT. Detailed measurements of the abso^t‘on of cosmic rays in lead have 
been made at Gttlmarg (8890 ft ), Srinagar (5000 ft), Aligarh (600 ft.), and Swarthmore 
(296 ft.) with a view to determining the reported anomilies in the lead absorption carves 
at low latitudes. The data do not bring out any abnormility in curves other than at 
Gulmarg, where there is an indication of a dip at p/u=<S 57 Bev/c corresponding to 35 
cm lead thickness. 

In recent years Aiya Chandrashekar (X944), Swann and Morris (i 947 )> 
Fanyves and Hainian (1950), and Gill (1950), have observed anomalies in 
the absorption of cosmic rays in lead at low attitudes. The abnormalities, 
however, occur at different thicknesses of lead as reported by different 
authors. This inconsistency in the various measurements could perhaps be 
attributed to numerous causes such as, different geometries employed, the 
placement of lead in the telescopes, the different latitudes and altitudes, 
where such observations were made. 

In the summer of 1950, an experiment was planned to study the above 
mentioned anomalies in the lead absorption curves in further details at 
widely different latitudes by employing similar apparatus. The general 
plan was concerned with measuring cosmic ray intensity through different 
thicknesses of lead. In comparison of intensity for different thicknesses, it 
is vitally important that the cosmic ray intensity during the observations 
shall remain constant, or that the observations shall be taken in such a 
way as to eliminate the effect of variations in the intensity as far as possible. 

It was decided to make observations by straddling the data for 
different thicknesses in the following manner. A possible schedule 
appropriate to sea level observations founded upon utilization of 55 cm of 
lead within the telescope may be given as under : 

1- Take observations for 0, 8 and 12 cm. of lead. 

a. From 12 cm to 30 cm, take observations for every 2 cm of lead. 

3. From 30 cm to 55 cm observations are to be taken for every 5 cm 

lead. 
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The observations for these 17 thicknesses were to be straddled in such a 
manner that every thickness of lead was covered by all periods of the day. 

At higher altitudes, the period of observation could be made shorter 
in such a manner as to produce the same number of counts for any given 
thickness of lead. 


C O S M I C RAY T K L K s C O P K S 

Cosmic ray telescope consisted of four trays of seventeen counters each (see 
Plate XII). Each tray of 17 G-M tubes provided a sensitive area of 100 square 
centimeters. The outer two trays, separated by a distance of 80 cm allowed 
55 cm of lead to be interposed betweeen them. Each tray consisted of 17 
identical G-M counteis, connected in parallel and overlapped to present an 
uninterrupted horizontal plane of dimensions 10 cm x 10 cm. These counter 
tiays were connected in quadruple coincidence. Four exactly similar 
telescopes were made at the Bartol Research Foundation. 

One of these instruments was operated at Swarthmore (geomagnetic 
latitude 52°N, altitude 296 feetj in a thin wooden shelter on roof of the 
laboratory (data were supplied by the courtesy of Dr. W. F. G. Swann 
and [Mr. David W. Seymour). Two of the telescopes collected data 
first at Aligarh (geomagnetic latitude i8®i2' N, altitude 600 feet), then at 
Srinagar (geomagnetic latitude 23^32' N, altitude 5000 feet), and lastly at 
Gulmarg (geomagnetic latitude 23^32' N, altitude 8890 feet). 

At all the stations except Srinagar the data collected at each thickness 
of lead was of such an accuracy as to give a standard deviation of about 
one percent or less. The observations at Gulmarg were made during 
September- October of 1951 and 1952, while at Aligarh the time of observation 
was March-April of 1951 and December of 1952. All the points on the 
curves thus obtained during the two years at Aligarh and Gulmarg did not 
differ from each other except what would be expected due to statistical 
fluctuations. 

Every day between 9 A.M. and 10 A.M. each G-M counter of all the 
trays was tested individually. Only rarely a counter was found to have 
changed its characteristics in which case it was immediately replaced by a 
new one. At Aligarh, Srinagar and Gulmarg the instruments were 
continuously run for 24 hours exeept for approximately an hour in the 
morning when the counters were being tested. 

RESULTS 

The experimental results are shown in Table I. In figure i, curves 
A, B, C and D represent the absorption of cosmic ray particles in L-ad at 
Gulmarg, Srinagar, Swarthmore and Aligarh respectively* No marked 
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A view of the cosmic ray telescope showing the 
placement of the four counter trays. 
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abnormality is apparent in other than the Gulmarg curve which indicates 
a dip in the neighbourhood ol 40 cm lead thickness. 

The differential curves ol figure 2 are obtained from the smooth curves 
of figure I. The intensity at 8 cm for each ^irve is taken as 100 percent. 
The units are percent of total intensity per l|undred million electron volts. 
Ihese differential curves also do uot bring oullany striking abnormality 

I 

Table 1 f 

The location of the stations, the rate of qfiadruple coincidences for each 
thickness of lead together with the statpard deviation are shown. 


Guhiiarg (8 90 ft.) | Aligarh (6ao ft ; Srinagar (5000 ft Svvorthmoie (296 ft ) 


Thickness 

Rate, counts 


Rate counts 

Krror 

Rate, count... 


Rate counts 

. Krro 

of lead in 

per minute 

Rrior 

per minute 

+ 

per minute 

Krrc r 

per minute 

+ 

cnis 


± 




+ 



0 


033 

2 162 

.016 

2.86 

0.053 

2.26 

0.02 

8 

a. 748 

.026 

1.747 

.014 

2.32 

0.052 

I. go 

0.02 

12 

2.535 

024 

1665 


2 ?5 

0 049 

1.84 

0 02 

14 

2.430 

.o’4 

I 664 

.014 

2.15 

0.048 

1.73 

0.02 

16 

2.466 1 

024 

X 605 

013 

2.10 

0.047 

1.77 

0 02 

18 

2 358 

.023 

I 627 

.013 

2.05 

0.076 

1.74 

0.02 

20 

2 363 

.024 

1 603 

.013 

1.98 

0.065 

1.75 

0 02 

22 

2-3J4 

.023 

i.5«7 

i .013 

1 I 92 

1 0 063 

1.68 

0 02 

24 

2.270 j 

,024 

i.5'15 

013 

I 88 

0 063 

1.68 

0 02 

26 

2.228 1 

.022 

1.571 

013 

1 90 

0 C63 

I 62 

0.02 

28 

2.225 1 

022 

1 497 

.013 

i 1.75 

0 060 

1.65 

0 02 

50 

2 181 ! 

.022 

I 512 

.013 

I 86 

0.066 

1 62 

0.02 

35 

2 099 

.023 

1 475 

! 012 

1 64 

0 058 

I 59 

0 02 

40 

2.013 

023 

I 420 

.012 

1.66 

0 099 

1.55 

0 02 

45 

I 881 

.021 1 


.'^13 

1.63 

0.01^3 

••45 

0.02 

50 

1.862 ! 

.021 

i-S^o 

012 

1 .70 

0 oOi 

1.44 

0.02 

55 

1.811 1 

i 

020 

I 324 

.01? 1 

1 59 

0.060 

1.3^' 1 

1 

0.02 


In light of the comments of Dr. W. F. G. Swann which he very kindly 
sent on my request (see Appendix), the Gulmarg (8890 ft.) curve was plotted 
against momentum (figures). To gel an empirical expression for the 
functional relationship which would show a point of inflection, a third 
degree curve of the form 

n = a + + cp^ + dp'^ 

does not give a very good fit with the expeiimental points but it shows 
a point of inflection at />//a = .557 Bev/c. If the dip in the lead absorption 
curve has any reality, as is indicated by the curve of figure 3, then the 
range corresponds to 35 cm of Pb thickness. 

Near sea-level, however, the data show a smooth absorption curve, in 
agreement with Swann and Seymour's curve at Swarthmore. , Kennedy 
(1953) measured the absorption of the vertically incident cosmic rays in lead 
at sea level at geomagnetic latitude of 43-5'^S and got a smooth absorption 
curve. 
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APPENDIX 

Conimenls on Professor P. S. Gill’s Paper 
“THE LEAD ABSORPTION OF COMSIC RAYS*’ 

By W. F. G. Swann 

Professor Gill has kindly invited me to comment on the results cited in 
his paper under the above title. 

GENERAL 'J' H E O R Y 

Suppose that the number, n, of rays observed through a cosmic ray 
telescope containing a lead absorber is plotted against the momentum, 
p, necessary for a mesotron to penetrate the various thickness of lead 
involved**'. Then, if f{p) is the spectral distribution function for the 
radiation 

-|=/(W ... (.) 

The niaxinium of the spectral distribution curve is given by 



so that this maximum corresponds to d’‘nldp'‘‘ = o, and so to a point of 
inflection in the curve of n versus p. 

The point of inflection gives the picture of a drop in the n versus p curve 
in the vicinity of the value of p corresponding to the point of inflection, the 
drop being more pronounced the shorter the momentum range in which it 
occurs. To investigate this matter further, let us consider the f{p) curves 
for different altitudes, and as an example, let us take the data cited by 
Schein, Wollan and Groetzinger (1940). Our interest centers in the two curves 
shown in figure 3 by these authors. The sharp curve, which we shall call A, 
corresponds to altitude 6.7 km, while the flat curve, which we shall call B, 
corresponds to sea level. The curves give the spectral distribution in terms 
* For the relation between thicbneu of penehration and momentnm, see B. Ross i 
and K. Greisen, Rev. Mod. I^ys., 13, 340.(^41). 
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of energy, but in figures i and 2 we have plotted them in terms of momentum. 
By measuring the areas of the curves from the extreme right to different 
values of /?, we get from these areas the values of n, corresponding to rays 
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with momentum less than the largest value. It is then convenieht t6 
normalize these curves to the same value of n for />»«o. The results are 
shown in figure 3. They exemplify graphically a conclusion, which can, 
of course, be established analytically, to the effect that the sharpness of the 
high altitude f{p) curve is responsible for a more pronounced drop in 
the n versus p curve for the high altitude curve than is found for the sea 
level curve. 
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Fig. 3 
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Several observers have reported sudden dips in the n versus p curves, 
and as a rule these dips have been more pronounced at high altitudes than at 
sea level. The point of inflection corresponding to the dip occurs, as already 
stated, at the value of p for which the f(p) curve has a maximum. 


R X P K R I M R N T A Iv 

A large number of observations taken by different observers (Glasser 
et alf 1950) agree in assigning the maximum for the flp) curve at sea level 
at /? = i.o Bev/c. 

Now figure 4 shows the n versus p data obtained by W. F. G. Swann 
and D. Seymour at Swarthmore (sea lyCveD*. It is estimated that the point of 
inflection occurs at about p==o.g Bev/c, in remarkably good agreement with 
the value 1.0 Bev/c cited above. 

Professor Gill's Experiments. We need not attend to observations with 
less than about 12 ems of lead, since these are contaminated with electron 
component. Our interest centres upon the points of inflection referred to 
above. 

The curves at such altitudes as those of Gulmarg and Aligarh cannot be 
expected to reveal a point of inflection for lead thicknesses less than 56 ems, 
since the point of inflection for sea level in the /(/?) versus p curve corresponds 
to about 700 gms/cm^ of lead. The D curve over the range concerned shows 
no point of inflection. Curve C shows an abnormality at about 40 cins of 
lead. However, the abnormality is within the experimental eiror and in 
view of this fact, combined with the fact that the observations of Swann and 
Seymour do not show it, indicates that, indeed, the apparent abnormality 
is accidental. 

The statistical errors in curve B do not warrant drawing anything other 
than a smooth curve. As far as A is concerned, however, we have a point cf 
inflection at 40 ems of lead. There is sense in supposing that this point of 
inflection may be realt, because a point of inflection may be expected to occur 
for a smaller thickness of lead at 8890 feet than at sea level. 

If we plot the intensity against pi me and also against lead thickness, and 
if a point of inflection in one curve occurs at and in the other curve at 

a length L, it does not follow that po is exactly the momentum corresponding 

*. The points to the right of the curve were obtained by extending the range of 
absorption data, utilizing the Bartol Foundation’s 30 ft. water tank. 

f. When a phenomenon stands unsupported by additional “reasons”, statistical 
uncertainty may forbid the placing of any reliance upon it. When it stands supported by 
additional evidence, however, statistical uncertainty, if not too great, plays a less 
dominant role. 

6— 1852P— 7 
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to th« range L; for if a; refers to thickness of lead, d‘nldp^=o corresponds 
to 

0 = ~ ^ 
dp y drc dp j dx’^ dp dx dp* 

so that d*n/dp*=o does not quite correspond to d*n/da:*=so. However, the 
result is approximately true, and to the extent that it is true*, we may say 
that the point of inflection at 40 cms of lead corresponds to a point of 
inflection in the n versus plmc-o. 6 i Bev/c, which is the momentum 
corresponding to a range of 40 cms in lead. This value of p/mc is not 
unreasonable for the altitude 8890 feet since, as may be seen from figures i 
and 2, the value of p/mc for the point of inflection is, at 6.7 km altitude, 
less than half that at sea level f 

*. We can, of course, avoid the complexity of discussion in this matter by replottiug 
Professor Gill’s curves against p/mc. 

f . The sea level value is unity. This value does not agree with the value deduced 
from the results yielded by Figs i and 2. However, these figures correspond to rather 
old data and were only used for semi-quantitative illustrations of the effect of altitude 
03 the /(p) curves, and particularly of the effect of altitude on the value of p which yields 
a maximum in such curves. 
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A TABLE FOR THE CALCULATION OF SURFACE 
TENSION FROM MEASUREMENTS 
OF SESSILE DROPS 

By N. R. TAWDE 

Physics Department, Kaknatak University, Dharwar, 
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K. G. PARVATIKAR 

Physics Department. Rajaram College, Kolhapur 
(Received for publication, April 26, 1954) 

ABSTRACT. The present paper is an extension of the work of Tawde and Parvatikar 
on sessile drops A table is prepared of the values of a®/r* against h/r in the range from 
0.5100 to 0.5708 at interval of o.oooj 

Taylor and Alexander (1944) have fitted up an empirical equation in the 
case of sessile drops from which the values of a“/r* are obtained for the 
corresponding values of hf r, where a‘ is the capillary constant defined by 
2ylgp, y being the surface tension of the liquid, p its effective density, r, the 
radius of the sessile drop, and h, the height of it from the equatorial plane. 
From the knowledge of the measurable quantity ft/ r, a^lr* could be known 
from the tables and hence y, the surface tension could be determined. 

Recently, the authors (1951) have shown that this function of ft/r and 
a*/r’ could also be obtained by modifying the standard tables of Bashforth 
and Adams (1883). The table thus drawn up has been put to test for its 
usefulness by using the experimental measurements on sessile drops. By a 
rigorous study it has been shown that this table is also equally dependable 
for the determination of surface tension from measurements of sessile drops. 
This table gave values of ft/r and a’/r’ for the values of ^ (^=26Va*, where 
b is the radios of curvature at the apex of the drop) ranging from 25 to 
50 at interval of unity and from 50 to 100 at interval of two. It was 
suggested therein that a more accurate table could be drawn up by using any 
other available intermediate values of p. Since it is noticed that the 
tables of Bashforth and Adams are at intervals of o.i in p in the range 0.0 
to 46.7, and as our earlier table was only exploratory with a large interval 
in p of the order of i.o and 2.0 as mentioned above, it is thought desirable to 
calculate here the values of ft/r and a*/r* for all intermediate values corres* 
ponding to o.i interval in ^ and prepare a more detailed and comprehensive 

table. This table is worked out only for the range of 22.0 to 46.7. The 

values of ft/r and a*/r* are calculated first in the same way as shown in the 



B48 N. R. tawde and K. G, Parvajtikor 

It will be interesting to examine whether observations on the sessile 
drop in conjunction with this table can serve as one of the standard methods 
for the measurement of surface tension. This work is now in progress. 
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THE EFFECT OF CHAIN TRANSFER ON THE DISTRI- 
BUTION OF MOLECULAR WEIGHTS IN HIGH 
POLYMERS. PART 11. TERMINATION BY 
DISPROPORTIONATION 

By KESAB CHANDRA MAJUM 0 AR and SANTI R. PALIT 

Indian Association kok thiv Cultivation of Sciknce, Calcutta -32, India 
{Received for puhlicaiioHt May 22, igs4) 

ABSTRACT. An equation for distril3ntion of molecular weights taking into account 
chain transfer v^ith nionoiner, solvent and catalyst has been derived under the as.sumption 
that the chain termination is exclusively by disproportionation From this equation 

values of JV, etc., have been derived and a number of relations deduced. All these 
equations are compared with similar equations derived previously assuming chain 
termination by combination of two growing radicals. 

1 N T R 0 D U C T I 0 N 

In the previous paper of this series (Palit and Majuindar, 1954) we 
discussed the case where the tefinination takes place exclusively by coupling 
of two free radicals as is generally believed to be the case. However, as 
the possibility of termination by disproportionation cannot be completely 
ruled out we have considered in the present paper this latter mode of 
termination only, and have compared our previous findings with the present 
results. 

DERIVATION OF T H R DISTRIBUTION R Q U A T I O N 

Let US consider the following kinetic scheme wherein we have used 
the same notations and abbreviations as in our earlier paper. 


Initiation 

I + M 


A, 

ki 

Propagation 

Xr ^ M 


X r+ 1 

kp 

Transfer (monomer) 

AV + M 

-> 

Pr + X 1 

kM 

Transfer (solvent) 

Xr + S 


Pr + S* 

ks 


S* + M 


S + Xi 

ks. 


S* + M 


sx. 

k-Sg 

Transfer (catalyst) 

Xr + I 


Pr + I* 

kr 


I* + M 


I + X, 

fe/r 

Termination 

I* + M 


/X, 

fc/. 

■ (disproportionation) 
r— 1852?— 7 

Xr+Xn 


Pr + P.s 

kt 
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Also, let q = C M + CsSl M + Cil I M + I s/ 1 IM ; and 

/vf> 

From the above scheme with ihe usual steady state assumption and 
using a method exactly similar to that used in our previous paper (vide 
Appendix) the following distribution equation is obtained. 


iOr~ 1 X 


dPrV q\ 

dMj + + (i + qV 


(i) 


wheie is the weight fraction of the r-mers. Making resonable approxima- 
tions (vide Appendix) we finally obtain 

= ... (2) 

This equation is very similar to that obtained by Bawn (194S) without 
considering any kind of transfer. 

Equation (2) is a differential equation and so gives the instantaneous 
distribution at a given value of .S/M and //M and so it should be applied 
to experimental data at small yields. 

It should be noted that the distribution equation is a function of q 
only and does not involve any other quantity explicitly and hence the 
effect of a change of any factor is simply obtained ^y noting the effect of 
a change of q only. Thus, we need not consider individually the effect 

of the single factors, viz., 5 , i, Cm^ Cs, Cj and / = - , but we need 

kp 

only study the distribution curves within the usual experimental range of 

variation of q — Cm + CsS/M + 07 / M’i- 1 ^/ I/M, which has been done in the 
next section. 


T H K vS H A V K OF T H F T H H O R K T I C A ly D I S T R T li U T I O N 

C R V F 

In figure i we have drawn a set of curves with values of q from i x 
to 5 X lo”^. It may be mentiond that 1.24 x would represent polymeri- 
zation of styrene at 60° C and so curves with g = 2Xio“^ and higher would 
represent its gradual change either by addition of a solvent or a catalyst, or 
by raising temperature. The shape is quite similar to the theoretical curves 
for termination by combination but the present curves are a little steeper. To 
have a comparative idea we have drawn in figure 2 two curves corresponding 
to the same polymerization constants, the mechanism of termination being 
by coupling and disproportionation respectively. It is found that on 
changing from coupling to disproportionation, the major change in the 
distribution curve is that the height of the maximum is somewhat raised and 
the value of the most probable D. P. is somewhat lowered. This is more 
easily seen from the expressions of these quantities given in a table later. 



Weight fraction xio®) 
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The main difference between the present distribution function for 
disproportionation and that for coinbiiialion can be brought forth to a 
sliai p relief by rewriting the latter as shown below. 


Coupling : 


: q^rc'' 




M 


I 


^ \! 



Disproportionation *• — 

It can be clearly seen from the above equations that for the same set 
of values of the constants for combination contains an additional factor 
to CD^ for disproportionation, this factor being 
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Fig. 2 , Degree of polymerization (r x io'3) 


which is equal to, less than or greater than unity according as 

2 2 ^2 

— , < *- or > - 

q q q 

respectively. This is clearly shown graphically in figure a where it would 
be seen that the combination line runs lower than the disproportionation 
line up to 2lq, from beyond which the reverse is the case. 

I N 'J' K R O IT A R T I L 1{ I) I S T A N C K AND S T E K P N K S vS O V 

I) 1 S T R I n U T I O N 

The interquartile range Ar is given by a very simple relation (vide 
Appendix), 

Ar*=r2 — rj= — ( 2 ) 

Thus Ar depends only on q and is inversely proportional to q, so that 
interquartile range decreases with an increase in q and therefore, with an 
increase of Cs or S/M or J/M or f. Therefore, i/Ar bears an exact linear 
relationship w^ith ^ and hence, with CrIS/JA) at any temperature (i* e. for 
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any value of t with a slope of 0.58. In the case of coupling such relation 
b?tvveeu the reciprocal of interquartile range and Cs'^S/M) is only approxi- 
mately linear at constant temperature with a slope varying from 0.48 to 
0.58 i. e., near about half. 

MOST P R O H A H i, H 1)1 S T R I P U T I (> N 

The D. P., fn, the proportion of which is maximum in a given sample, is 
calculated in the usual manner (vide Appendix) and is found to be exactly 
equal to i/q and hence to P„, the num!)er average D. P. In other words correla- 
tion of To and Pfi does not depend upon any rate constant or proportion of 
solvent andi s independant of temperature. This is not the case with distiibution 
for coupling, where the correlation of T^^ and Pn does depend on temperature 
(i. e., although Tq is very nearly equal to Pa under all conditions (also at 

ny temp.) within a maximum positive deviation of i ^ < 1.08 ). 

WEIGHT AVERAGE AND NUMB E R A V E RAG E D. P. 

By employing standard methods (vide Appendix) we obtain the 
following relation between the weight average D. P., P^e and number average 
D. P., Pn 



From kinetic considerations, also we get 

^ rate of cessation of chain ^ , f I _ 

n rate of propagation M M ^ M 

* n 

which is quite in agreement with that obained by direct integration of the 
distribution equation and so the identity of our distribution equation with the 
kinetic chain length equation is also completely established in case of chain 
termination by disproportionation. 

liquation (4) shows that the latio Pwf Pa is uniquely given by Pu ^Pn^z 
and neither depends upon any rate constant nor on temperature nor on the 
proportion of any solvent, unlike in the case ot chain terminations by coupling, 

in which case we have 1.5 ^Pwi Pn’^ 2. From most experimental results 
the ratio is found to be near about 2, but if some experimental condition is 
obtained with S==o and /==» Cm, PtelPn will be very near to 1.5, in which 
case one can decisively conclude the absence of termination by disproportiona* 
tion. 

MAXIMUM WEIGHT FRACTION 

It has been shown in the Appendix that the maximum weight fraction 
corresponding to the most probable D. P. enters into a simple relation 
with q in either termination by di»proportionatiou or by couplings 
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Thus, in case of disproportionation 

f<>r. = o.37q = o.37lPn=o 37lro 

or <•),, — o.37< V//M=o.37^6’:i/ + tVS/M + C1IIM) 

and in case of combination K>,, = o.i7q—o.Jt ^/ 1 1 M = o.s7lPn + o.o?>5ti / 1 iM 

or <i)r.~o.27W//A'/= 0.37ft .« + CuSj M + CiT j M) 

Thus, the expressions for the maximum weight fraction for both the 
termination processes are similar with the only difference that w,. in the 
of combination is less than that for disproportionation by an amount 
o.ilv f/W which can be, at the most, 27 per cent when IjM is equal of q 
that is when Cw -^o and uncatalysed bulk polymerization is considered. 

It is also seen that the p’ot of minus 0.37! V I iM in case of dispro- 
portionation and minus o.27fv'f/M incase of combination against CsS/M 
is exactly linear with a slope of 0.37 for same monomer and catalyst 
(initiation) and at any temperature. These result may be experimentally 
tested. 

COMPARISON OF COMBINATION AND DISPROPOR- 

T I ON ATI ON 

In order to bring into focus the distinction between the two 
cases the main features are summarised in the table below. 


Disproportionation Combination 


Distribution equation 

i 

a,=qhc-‘'' 

o,.=qr{a) + b)c-‘'' r / ,._,\T 

= q’irc--' J )J 

Maximum weight fraction 

a>r,= .9- o 37q j 

1 e 1 



1 

=0 37/p. i 

I 

1 

+0 o85J 

Most probable D. 1’. 

1 

ly/rjM 


i 

4. Ay - ^ 1 1 

<]■ t.'iTk 

Number average P. 

P.-i/q 

P. =i/{q-itVlTM) 

Weight average D. P. P» 

P«=2lq 

p__ 2 +l^'I'/M 
q q* 

Relation between P. and P^ 

i\=>o 

P. ^ ro ^ i.o8I\ 

Relation between P. and ro 

p./p. =2 

1.5 ^ 2.0 

JP- 

Variation in interquarlile 
distances 

» =iL_ = -— 

I_ss^S= — +lt s^Tfu 
hr 2 2 P. 

1 . _ 

Ar 1.7 i.yp. 
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K X P H R I M K N T A I, T P) S T 

All equations deduced so far are subject to experimental test and 
experimental work is in progress with a view to obtaining data not only to 
test these equations quantitatively but also to throw light on the nature 
of the terminating process. 


A P 1' K N D I X 

Dcrivaiion of ike Disiribution Function : 

For the given kinetic scheme w-e have for steady state 

*^=kpXr-iM~kj,X,M - kMXM - kiXrS - hXrI-k,XrC* = o (l) 

at 

> = kilM - k,,X,M + kiiC^M - k^X.M - ksX,S + (ks, + kf, )S*M 
at 

- /v-,X J + (A-;. + k,)I*M-k(X,C*=o (2) 

= JbsC^S - ( A'n, + k s)S-*M =0 (,) 

dt • - 

and = k,i n -{kr, + k OI*M = o {4) 

where C* = total concentration of radicals = ^ Xr (5) 


The above equations and the further steps upto the derivation of 
the expression for -V,. arc exactly similar to those in Appendix I of our 
previous paper (Palit and Majumdar, 1954). Hence the following results are 
simply quoted without going again into the details of those steps. 



= 1 * 

(6) 


q{kilktIM'>i 
(i + if) 

(7) 


V _ qikilktlM)* 

(i+gr 

(8) 

where 

q—Cn + C + CiJ~ + ixl f 

M M ^ M 

^9) 

and 

Cx = k.Klkf, 



Now from the kinetic scheme for the termination by disproportionation 
we have, 

= knXrM + ksXrS + kiXrl -*■ hXrC*, which hy (8) and (9) reduces to 
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- 


... (lo) 


dM 


Also - = kpC*M + kMC^M - kMX^M + kJM + (k s. + kl)S*M 

at 

- kaXiS + (kr! + krj J*M - fe,X ,7 - ktX,C* 

= kpC*M + kMC*M - k^fX,M + kilM + k^C*S 
-ksXiS + kiC*I-kiXj—ktXiC*, by (3) and (4) 

Substituting the values of C* and Xi from (6) and (7) this reduces 
after simplication to 


_ =k,,Miki/k,IMM i-<- ]=kpM{kilktIM)*{i +« 

I +q/ 


fii) 


where 


«= « I 


1 + 9 


From (lo; and (ii) wc thus have 


-iSs = dp,./d/ ^ _q^ 

dAi -dAl/dt {l+qyll+^) {i+qy 


.. ( 12 ) 


as e « I 

This is exactly the satne as the expression found by Bawn, but with 

fe.M = fes *= fe,s\ = ks,= ke= kT, = kl, = ki = 0 

The iustanteneous distribution function of the molecular weights is 
then given by 

=rxi -^lr\ = _r£ 

‘ ^ \ dM ) (l + qV(l +e) 

or neglecting e as compared to unity 


( 1 + 9 ) 


(13) 


by putting (i + qY=c’‘, whence x=rln'i + q)=‘ rq as q « i 


INTERQUARTIbK DISTANCE O IF THE DISTRIBUTION 

function 


If Ti and ra be the lower and upper quartiles respectively we shall 


have 


J iOrdf^^ J lOrdf 


Substituting for wr from (13) we have after integrating by parts 








Ti 

4. 

I 

1 

1 

1 

»lj 

1 

Q 

0 

<1 

« J 

0 ) 


or 


4 


• = — qrie'^^i — + i 

• •• (14) 
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where 


Xt^qrt 


Similarly, 


= X 4 jCa 

4 ^ 


(i5> 


where, a:,* 

The equation^ in (14) and (15) can be |polved graphically exactly in the 
same way as the corresponding equations ^ Appendix II of our previous 
paper (Palit and Majnndar, 1954), taking|as if p is zero. The solution will 
yield ' | . 

Ax = Xa — Xi = i.7lso that 

I 

= I? ... (16) 

which is the interquartile distance. 


W K I G H T A V K R A G K D. P. (P J 


From definition it follows 


Pw 


Srojr 




QD 


because Sco,. 


00 




^ J ftordr^ j 

o 0 


=s A 

9 


(17) 


NUMBER A V E R A G E D. P. (P.) 
Similarly the number average D. P. is given by 


Evidently 



'SfUir I I 

■Pw/ Pn“ 2 


MOST PROBABLE D. P. (r#> 



The D. P. corresponding to the maximum proportion (weight fraction) 
of the distribution is obtained by maximising Mr with respect to r. Thus 
r. is the solution of 

dr or . 


or- , -,groe’~f^ + e’r=o, giving f»= ^ 

It can be easily seen from (i7)f (18) and (19) that 

f. = Pn“iP» = “ 


•• (?9) 
-r • (ao) 


S— i8s«P-7 
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MAXIMUM WBIGHT FRACTION («/,,) 

Expression for tbe maximum weight fraction uh, will be obtained by 
putting the value of u in distribution equation. Thus for disproportiona- 
tion we have by virtue of relation (19) 


wr.= 9 V”*’’o=-^ =0,37{CAf + CsS/M + C7J/M + tV//M) (ai) 

e 

Similar expression for tor. for termination by coupling can also be derived 
in the following way. This was, however, not discussed in our previous 
paper. For the termination by coupling we get 

\ ... (aa) 

Since rg in such case is 


r ssJ.- 


■Vf. 


9 qts/HM 


t*IIM 


(23) 


q tVi/M 

then on substitution of (33) in (aa) and applying the transformation 
^ Cm + CsSIM + Ci 1 IM _ q — ti/IjM 

ts/ YJm 

the expression in (aa) for the maximum weight fraction for combination 
reduces to 


(24) 


5>r, , ^ / “r~», -<'-*+''3+') 

wtjM 


(as) 


From this it is easily seen that 


is represented by 


an 


universal 


equation independent of temperature, monomer, solvent or any catalyst 
initiator or their proportion in a particular reaction. Equation (25} 
although looks complicated represents a straight line upto the range even 
beyond the value of (x:— 400 a value which we shall never have in practice. 

The slope and intercept of the straight line found statistically (by fitting a 
a straight line to a number of points obtained from (25) and then applying 
usual chi-square lest) are respectively 0.37 and ©.27, so that for combination 
we can write 


/Substituting in this the value of x from (34) we get 

=o.a7 + o.37( ] 

\ WIIM I 


or 


Wf,=o.37q-'0.iiV//Af ’>^0.37{Chf + CsSl M + CiJ j M) + o.aftV iJM 

... (36) 
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ELECTRON OPTICAL TREATMENT OF CURRENT 
DIVISION IN RAD|) valves* 
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ABSTRACT. The simple electron optical treatment, which has been developed by 
the author previously in connection with the problem of current division in a plane 
triode, ha^s been extended to include the ca.ses of other f )rms of triodes and also 
of a pentode. Formulae are given for, (i) the focal length of the aperture as 
constituted bv two consecutive grid wires of a cylindrical triode, (ii) the ratio of 
grid current to the total current of a triode with electrodes of cylindrical structure, 
and (it i) the ratio of screen grid current to plate current for a pentode. It is pointed 
out that the expression for the current division can always be obtained in the same 
general form involving two dimensionless parameters, namely, the screening constant 
and the relative aperture of the electron lens consisting of the opening between two 
consecutive grid wires. This general relationship has been presented in the form of 
a set of current division curves applicable to any type of grid. 

Account is given of experiment.s made with a rubber membrane model to check 
the formula for the focal length of the electron optical lens system of a cylindrical triode. 

Re.sults obtained Tfrotnc haracteristics of commercial pentode.s are shown to support 
the expressions deduced for the screen grid-anode current ratio of such tubes. 

I. INTRODUCTION 

It has recently been shown by the author fDeb, 1952) that the problem 
of current division in a plane triode may be very simply solved, subject to 
certain reasonable simplifying assumptions, by the application of this 
electron optical considerations. The method is much less complicated 
than those that have been hitherto employed (Spangenberg, 1940, Jonker 
and Tellegen, 1948). The case first investigated by the author was that 
of a plane triode only having a grid composed of straight parallel 
equidistant wires. It was shown that the expression, as obtained for 
current division in such a valve, involves two dimensionless parameters, 
viz., the screening constant and the relative aperture of the electron lens 
composed of the strips between two consecutive grid wires. In the present 
paper it will be shown that a slightly modified form of the equation derived 
earlier holds for triodes having other grid geometries and also for, multigrid 
valves like a pentode. An expression for the focal length of the grid 
aparture fw a cylindrical triode will be derived. Results obtained with n 
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rubber membrane model will be sliown to support this deduction. A set of 
current division curves having general validity is also given and discussed. 


a. GENERAL FORM OF THE EXPRESSION FOR 
CURRENT DIVISION 


Electron optical treatment of the problem of current division in a 
plane triode having a grid composed uf parallel equidistant wires is based 
on the assumption that the lateral deviation of electrons is primarily due 
to tliC grid aperture behaving as a cylindrical lens of focal length 


- 2V,g _ 
E,-Ei 


1 

(l-0) + — 
a 


(i) 


h 

where the equivalent grid sheet potential = , 

,1.1 h 

I + — + — • 

fA fx a 

b^^gvid to anode distance, 
a.=grid to cathode distance, 

/i= amplification factor of the valve, 

F' 2 * K|=gradient of electrostatic potential on the anode and the cathode 
sides of the grid respectively, 


0 =5 ratio of anode to grid potential = . 

i' ff 

Assuming that the lens action is free from spherical aberration and that 
the effects due to initial velocities of elections, space charge and secondary 
emission are negligible one obtains for the case when reflection of electrons 
in front of the cathode is neglected 



r ” » 

* _£ cn 

2Tg 4 / 


( 2 ) 


where n is the width of the region of lens action expressed in terms of. the 
grid wire radius and c is the pitch of the grid. For all practical purposes 
a — 2 . A more convenient form of the above equation is obtained by 
expressing the lens width 8 in terms of (he pitch. Writing 8* me, E^. ( 2 ) 
becomes 


Ig i—mRiaS 

It ' * 

white JR* rehittve aperitire of the Iens» 

5* screening constant of the grid. 


h) 
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It will be shown in the following sections that relations of the form 
of Eq- ( 3 ) are valid for triode valves having other geometries. In Sec. 4 
this idea will be extended to the case of a pentode valve. 


3 . APPLICATION '1^0 TRIODKS 


Plane Triodes. 
triodes : 

(t) Grid consisting of a plane sliee 
apertures. 

(ii) Grid consisting of a wire gauze of 


We shall condsider |first two special types of plane 

with regularly spaced circular 


3uare meshes. 


In case (i) all the apertures in the sheeiare assumed to be of the same 
radius there being n' apertures per uift area. The screening constant 
will then be given by 

... (4) 

This also gives the ratio ip/Zt; in the absence of any lateral deviation. In 
order to investigate the case when lateral deviation exists we consider a 
section of the valve containing a single aperture and passing through the 
axis of the latter (figure i). Let O be the point of intersection of the axis 



P‘iG. I, The limiting trajectory for capture of an electron by the grid of a plane 
triode grid consisting of circular holes. 

with the cathode. Let us suppose that due to the electron optical action 
of the aperture an electron originating at a point distant yo from O (yo < u) 
just grazes the aperture periphery. This increases the ratio Jglh which 
now becomes 

IfflIe-l-J^yo’n\ ... ( 5 ) 

To determine the value of yo wc note that the angular deviation of an 
electron as it emerges out of the aperture is given by 

••• ( 6 ) 

where y ie the radial distance of the point of incidence of the electrons and 
/ is the focal length- If 8 is the lens width then the radial displacehient 

Sy, 
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Putting h = mro, 


r« 

yu=^ . 

2 / 

From (5) and (7) 



if —p is small. 

Hence from ^4) 


7nR 



2 


T 2»' 

I — — — TiTo n 


mTQ 



(7) 


where R=* . This last relation is seen to be of the same form as Kq. (3). 

The expression for the focal length of a ‘lens' of circular aperture is 
given by (Davisson and Calbicks, 1932) 


/= AYis^. 

Comparing with (i) it is found that if fi and ^ are the same and c = 2ro 
then the relative aperture of the grid openings of a triode, using parallel 
equidistant wires as grid, will be twice as large as those of the same triode 
using a plane sheet with circular apertures as grid at the same position as 
before. However, for the same value of S, the value of w in, the. former 
case will be half that in the latter. The ratio IglJe will therefore be the 
same in both the cases. 

We next consider case (tt), the case of a grid consisting of square 
meshes. We assume that the squares are all of the same size. If tg be the 
radius of the grid wires and c the length of the sides of the squares, then 
the screening fraction is given by 

.C \ ' c 
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The second factor within brackets takes into account the effect due to over- 
lapping and may be neglected if tg is small. 

It is somewhat difficult to visualise the Jens action of a square aperture. 
The problem, may, however, be simplified 1^ converting the given valve ihto 
an equivalent one having the same value of| screening fraction and electrode 
spacing but whose grid is composed of a sistem of parallel wires of radius 
fg and spacing c/2. The value of /x alid 8 for the latter valve will be 
sensibly equal to those for the original fne. If, therefore, is kept the 
same the ratio Iglh for the two valves will also be identical. One can, 
therefore, use Eq. (3) in the this case as wdB, provided 



and / is given by Eq* (i). 1 

Cylindrical Triode - — We shall now consider two types of cylindrical 
triode, viz. 

(i) Grid consisting of a set of straight wires lying on a cylindrical 
surface coaxial with the cathode wire. 

(ii) Grid consisting of a cylindrical helix coaxial with the cathode 
wire. 

Considering case (t) let rg and tp represent respectively the radii 
of the cathode wire, the grid cylinder and the anode cylinder. Consider 
a symmetrical section containing a single aperture between two consecutive 
grid wires (figure 2). In the absence of any lateral deviation all the 
electrons emitted from a strip AB of the cathode would travel to the 
anode. Due to lateral electron optical deviation suffered in passing through 



Fig. a. The limiting trajectory for capture of an electron by the grid of a cylindrical 
triode-grid consisting of a system of wires parallel to the axis. 

the grid the angular width of the strip contributing to the anode current 
wOl be Jess than A OB. In other words, the grid wire radius will he 
effectively increased. If Rg be the radius of the grid w’ireis and c the 
pitch of the grid helix then, by the same argument as used in the. case 
of plane triodes, one obtains readily, 
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Iji =r c ^ mRhS 
Ic i-mRiz 


where 5 = and R 
c 


c 



f being the focal length and m, a constant. 


It remains only to find an expression for /. This will not be much 
different from that of the focal length of a longitudinal uniform slit cut 
over a cylindrical surface and can be derived by well knowm electron 
optical methods. A simple method consists in evaluating the lateral 
component of the field in the plane of the slit by solving the equations 
(Bedford, 1934 ) 

div E = o 


curl E * o, 

E being the potential gradient. Expressed in polar co-ordinates 


- - 1 - 

r or r 06 


o 



aE, 

de 


= 0 , 


where Er and E« are respectively the radial and the lateral component 
of field. But 


d(rE9)=* ~(TE»)dr + ~(TE»)d9 
dr d9 

if we imagine the region of the lens to be of such small aperture that 
Er does not vary appreciably with 0. Hence, integrating between the 
limits 0 to 0, 

E, = -e^(rEr). 

Or 

If vr is the average radial velocity of electrons during transit through 
the lens, then the change in angular momentum in crossing the lens is 
given by 

a 

(mrv»)=-e f r—{rEf.)9^, 

J r Vf. 

where the limits i and z refer to the two surfaces of the lens. If the 
lens be assumed to be thin, so that r can be teken a constant, then writing 

and Vr= , where K,, is tfaeequivalent grid sheet potential, we get 

f V tn 



Current bioision in Hadio Valves 




n»/i'r*' lateral angular deviation = - — ®n] “ - ^ (say). 

il'fg f 

Hence, 


/= 


E,r-Ej- 

Now, in a cylindrical Iriode of the type und|- consideration 


From Eqs. (8) and (9) 


77—2 Vfff 




Tj^ln 

u 

Fa-F., 


r^ln ^ 


Fff + 


F.,= 


I + 


i nnrp/r« ~| 


( 8 ) 


(9) 


Er3~Eri— - 

tpln^-Ji 

V 


V„]n^ - I/,lni? 
u u 


ln7 + -In;*^ 

~ fe fe 


(lo) 


and 


2 r/i+ ?.Vnt>' 

/=_L_li_!L 

lnr,/r. ’ - 

^ ldr^/r« 

We may check the validity of Eqs. (lo) and (ii) by considering closely 
the concept of 'equivalent grid' — a surface of uniform appropriate charge 
density— -which replaces the line charges of the grid wires, in so far as 
its influence on the motion of electrons is concerned* The advantage of 
such a consideration is that it avoids the complications raised by the 
presence of isolated charged grid wires in between the cathode and the 
anode surface and allows one to regard the field as a purely radial one. 
The action of the equivalent grid sheet may be conveniently visualised 
in terms Of a lens coincident with the grid plane AB and a ^cylindrical 
eoaitial mtrrof DU placed between the same and the cathode {figure 3)- 
The eff^t of DM is to give rise to an image of the grid charge at the 
inverse point defined by 
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Fio. 3. The electron optical system corresponding to the ‘equivalent grid sheet* in 
the case of a cylindrical triode. 

OC.r^=OD®) 

... (12) 

or tg(rg-BC) = OD^\ 

If OD is such that the image of C due to the grid lens at AB is formed 
at O, then the field will be everywhere radial. Obviously this requires 
that 

I _ 1 

BC r, f ' 

or = , 

ff+f 

Substituting in (12) one gets 

The charge Tg per unit length of the grid wire is of course given by 


I 

N 


eg 


2ln 


OD 


where N is the total number of grid wires. Using (13; we get 

V,g 

, I — ^ 1 1*. 




or 



But the value of Tg has been shown to be 


(14) 


1 T^alnf—F^ln^ 

IJ !«. ... (,5) 

aNln^ lnit+ J In^^ 

Tt Tf ft ft 


Substituting (15) in (14) one readily dbtaines (ii). Thus, it is found that 
the expression for / derived here is true as Icmg This 

ccmditira is approximately fulfilled in most of the cases encounter^ 
in practice. • i 
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An experimental verification of Eq. (ii) using a rubber membrane 
model will be described in Sec.6 to follow. 

Case (ft) for a cylindrical grid using helical wires may be treeted 
in the same manner as case (f). An exj^ression for the focal length of the 
grid aperture may be derived by solving thl div and the curl equations in 
(r,a) co-ordinates. However, the expres|ion detived cannot be subjected to 
experimental test with a rubber membrane model as the electronic path in 
this case is not confined to a plane normsi to the axis of symmetry. Of 
course, as in Sec. 3 (ii), we can think of equivalent valve using the same 
screening fraction and electrode spacing b a parallel wire grid and then 
apply £qs.(3) and (2) in as traightforward tanner. 

4. APPLICATION T| PKNTODRS 

The problem of current division in 'Ja pentode is complicated because 
here one must consider actions of three grid controls, the grid, the screen 
grid and the suppressor grid. It becomes easier if the effect of the control 
grid is assumed to be small. For a sharp cut off pentode this assumption 
is quite reasonable because* such pentodes have always a small control grid 
pitch. For a super-control pentode, however, the pitch is variable within 
appreciable range and hence the assumption might introduce error. But 
such error will always be of secondary importance. Following the procedure 
adopted by Spangenberg (1948J the effects of the other two grids will now be 
considered separately remembering that under normal operating canditions, 
the screen grid acts as a diverging lens and the suppressor as a converging 
lens. 

Plane Pentode. The action of the screen grid may be considered by 
converting the system consisting of the control gi id gi, the screen grid g2t 
the suppressor grid g* and the plate P into an equivalent Iriode as indicated 
in figure 4. The actual control grid and the plate are now replaced by a 
single equivalent electrostatic plane P'. Two methods are available for 
determining the position and the potential of this new plane P\ Tliese are 



Fio. 4. The manner in which the plate and the grid system of a plane pentode 
may be converted into an equivalent iriode. 

tjio concept of equivalent grid sheet and that of q-plane (Dow, 1^52)* Both 
the methods lead to the same final result, but, for purely electrostatic 
purposes, the concept of equivalent grid plane is distinctly advantageous. 
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"the new sheet is made to coincide with the-plane of the grid. We shall, 
therefore, use this concept and assume that the position of P' * is 
ivith that formerly occupied by ^3. It also follows that the i^otential of 
this equivalent sheet is approximately given by 

r"-- K.* -Kl ^ , Ji \ 

j/j.. - Mm f ^32 l^-fP 1. 


J'f 

(16) 


1 + 


f^ai 


I I 

f^32 f^liP 


1 1 
I + + 

/^32 /^3P ^ ** 


Where' l'^2 —fhe screen grid potential. ' ^ 

: - . Vr = the plate potential. 

I’l =the control grid potential which is generally sniaH Gonii>ati&d 
to V2 and Vp. 

• =the suppressor grid potential which is normally zero, 

M'S2 =the amplification factor of the suppressor grid in relation to 
i the screen grid. , , 

PiBP =the amplification factor of the suppressor grid in relation to 
the plate, 

^ the amplification factor of the suppressor grid in relation to th(^ 

- control grid and is always large compared to jUsa and finp. 

Now, 


2 n 


^3psss — - 


1 ^ 

III 2 sm ■ — 


(17) 


27T 


^32;^M32 


C3 




In 2 sin 


Tir. 


where jUa,' i?^ the amplification constant of in relation to a plane sJieef 
pccupying the position of g2> ^3 is the suppressor grid pitch and fg is th^' 
suppressor grid wire radius. Substituting (14) and (18) in (16) and noting 


that is alw^ays small, we obtain 

C'S 




[V2d:^p+ Vpd.,] In 


2?rr3 

C3 


2fTr^ 27r j . 

U2P Jtl •*“ uaa asP 

Ca Cs 


For r. ft pentodes -dftp ^ das -Or 


dip 


(J9) 




Vp~* = -r- 


IF, + Vvlln^_ 


■ unti ir • 

z\tx-: — - <I2P. 

' - *^8 “ '^8 


.2-.'C;v-jq| 
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'For* maiir power' tubes d .p < < and ^3 > In such* cases the 
eflSeclive suppressor i)laue potential has to be calculated by taking into ac^count^ 
thd efiec't Sof iiiiHge grid due to the i»latc. However, it can be shown that 
this affects the final results veiy little. - ’ 

If now the equivalent tnode system as $hown in figure 4, be considered, 
then from Ii^q. (1), the focal length of t^e lens due to the screen grid 
aperture is found to be 






where is the amplification factor of the* screen 
equivalent suppressor grid sheet, and 


^ From 13) and <21) one obtains the ratio of 
the screen grid and the cuiient collected (//^) 


... (21) 

grid in relation to tln^ 


the current flowing pa^tj 


/(* 1 8^ <J ^ C 2 

I/y 2^2 


C2 

— ^ =Si(say), 
nu 2^ 

ArJi 


. o 
(22) 


where C2 is the scieen giid pitch and the screen grid wire radius. • ' 

It now remains to consider the effect of the suppressor grid. In- all 
pentodes the suppressor grid acts as a converging lens of such a focal 
length that all electrons incident along the axis converge towards the 
plate, Hov/ever, some of the electrons suffering large deviation in tlip 
preceding grid tend to hit the suppressor. grid wire directly and are reflected 
back by the grid. According to experimental observation (Spangenberg, 


1948) such electrons constitute a -fraction ~ of the total current. Thus, the 

^3 

ratio of tliue current flowing past the suppressor grid, to the current sent 
back to the screen grid (/,%) is given by 


It-ll prllp = ?! - 1 = 8.,(say) 

U"g r. 


'~U% 


AzS) 


From Eqs. (22), and (23) one obtains the approximate ratio of plate 
current Up) to the scieen current * 


** JjL Lul ^ ^ " {24) 

In a power pentode the suppressor may act as a weak converging lens 
and for these the reflection effect may not be pronounced. For such a case 


o J: 1 : :i ^ 



: ’ ^ (as) 


i 
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Cfflindrical Pentode:— The current division in a cylindrical pentode 
way be derived by calculating the appropriate value of the equivalent 
suppressor grid potential and then using Eqs. {15) and (3). Vp' can be 
calculated by making the following substitutions in Eqs. (17) and ^18). 

dajln ^ for dtp 
“as 

d,plu ^ for 

It is to be noted that actually electrodes in a pentode are often neither 
plane nor cylindrical (excepting perhaps for the plate). In such cases 
expressions for the plane case may be used with the average values of 
the various electrode distances. Two examples are given below in this 
connection. 

Examples : The usefulness of Eqs. (22) and (23) may be illustrated 
by considering the cases of two commercial pentodes viz. power valve EE50 
and t>entode 6J7 which were utilised to test the results of earlier worker 
on the subject. For EEso we have the following average dimensions : 
di2—i*X3tnm ; Ca=: 1.2mm ; ara-o.oSomm ; 

^a3=3*3omm ; €3^4. 5mm ; 2rs = o. 125mm ; 

^3P=X‘Somm. 

From the above data we obtain /a/, = 10, and for Va^Vpoue obtains from 
Eq. (20), 0«»o.S7 ; and from (24), 



This agrees well with the average experimental value 9.5. For 6J7 we 
have the following average values : 

dia=®i.42mra ; C3«o.4omm 2r3 = o.o6a5mm 

dfi«a.74mm ; Ca — i.asmtn. 2fj=o.ii3mm. 

d3p=2.75niin. 

From the above data we obtain and from Eqs. (20) and (24!, 


tat, 

It 

w 

0=0.15, 

7^ « 3.96 

{or, 

l^a®*0.4Fp, 

0 = 0.27 

=4.00. 


These again agree very well with the experimental values of 3.8— 4.0 
observed within the above range of electrode potentials. 

3. CURRENT DIVISION CURVES 

: The wide range of applicability of Eq. (3) as illustrated in the foregoing 
ectiona makea it desirable to present the same in the form of a set af 
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curves useful for practical computations. Such a set of curves giving 
r&tio — ^ against y » with S as a parameter, have been c1raw*n in figure 5. 



Fig, 5. Cun ent division curves as are valid for an3^ type of grid, grid current, 
/«= total current, 5 = screening fraction, grid pitch and /= focal length 
of the openings in the grid. 

It would be noticed from the curves that for S < o.i, a condition which is 
generally fulfilled by many practical valvesi |r ~ changes little with S. With 

•3 le 

these curves evaluation of current division is reduced simply to calculate 
the ratio j . 

6. EXPERIMENTAL STUDIES WITH RUBBER 
MEMBRANE MODEL 

As mentioned in Sec. 3 experiments have been carried out with rubber 
nwntbrane model of a valve of cylindrical structure (P^.2). The object 
was to check the deduction regarding the focal length as {given by Bq. (ii). 
The model was constructed so as to represent a cross section of the valve 
perpendicular to the axis (cathode). The model grid wires and the cathode 
cotnisted of straight cylindrical metal rods and that of the anode a 
cylindrical metal ring. The model electrode elements were of appropriate 
sites and were so arranged and spaced on a plane boaid that the distances 
ai the various elements were proporticmal to the potential differences 
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of the corrc$poDdir)g electrode in. tlie valve. The plane iibourd *bblding5^:j'ffcie > 
electrodes was carefully levelled. A circular rubber iiienibran^ was spread 
over k nie^allic ring' and kept stretched by cords passing th'rdhgh a niunbkf* 
of regularly spaced eyelets in the periphery. The stretched membrane 
was then so pressed over the model electrode assembly that its surface 
made contact with the surfaces of the electrodes. The iiiembranjj. was 
thus undulated in a manner characteristic of the heights and disposlition 
of the electrodes. Small steel balls held close to the front of the' 'cathode’ 
were now released, a few at a time, by means of an electio-magnetic 
device. The tracks of the moving balls were inlennittently lilumiualed 
50 times per second by flooding the membrane" surface with light from 
a fluorescent lamp connected to a 50 c. p. s. power line. The tracks |were 
found generally to have a tendency to come to a focus, Ihojngli on account 
of the presence of a certain amount of spherical aberration and of tlfc 
electron optical action of interclectrode field the foci weie not sharp. Figiire j 
(Plate XIll) shows the tracks of steel balls foi four models. Tiie relevant! data 

- i 

for the models corresponding to cases /], B, C and D in the plate are given 
respectively in rows 1, 2, 3 and 4 of Table 1 . 1 



Fig. 6, An element* of a distorled- circular nienibraiie. Under static condition the 
net force acting on the element must vanish. 


* Table ! 


\ • * -1 

Model No. 

■ 




N 

4> / 

V (ex peri- 
* me'ntal) 

/ (thec^reti- 
. : cal).. 

'r 

* ’5 

. . 

i5 

'5 . 

* ■'! 

4 


. 2.0 • ... 

■ • 

* 2 

' -5 

6 


•5 

’ 4 




' 3 ‘ . 

■ ' . 

6 

13 

•5 

4 

-2V 

3-^ 


; 4 


<5 


• -25 

4 ' , 

' -8.8 

3.1 
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PLATE XIII 




Fig. 7 

Photographic records of trajectories of steel balls illustrating focussing effect. A, B, C 
and D are for models described in rows 1, 2, 3 and 4 respectively of Table I. 
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' T^'For-- comparing these experimental results with theory it will be 
to establish iu a simple iijaiiiier .the . analogy /between the 
in, a valve with that o£ a small round n)ass rolling over 
the surface of a stretched circular membrane distoi ted as above. It. is clear 
tjli^^/iat every point of the membrane th^’c will be a veitical component of 
the tensiqp. . Uitder static condilion the tota| force of this tension over any 
(^lenient of . area must vanish. If we con^der one such elenumt A B C D 
6J subtending an angle at the origi|and bounded by two concentric 
arcs of radius r and r+dr, then for sinaB. slopes, the net vertical force 
acting JO ver its sides is I 



where / is the vertical disjdaceinent and T tie tension. Under condition of 
equilibrium this expression is equal to zero. Rearranging the terms, one 
Ijiu^ .obtains 


I 

r hi 





S^Z 


= o, 


which is identical in form with Uaplace’s equation for a potential field in 
polar co-ordinates. Tlie. vertical displacement / in the former equation is 
analogous to the potenlial V in Laplace’s equation. It, therefore, follows 
that , .the -pfUtern ; vertical elevation produced in the rubber membrane 
of the valve pipde^ stimulates the potential field in the electronic valve'; 

Now, the motion of a ball on the stretched membrane under the action 
of gravity ‘(neglecting effects due to rotational inertia) is governed by the 
principle of least action, 




j mvds — o. 


Since the motion is in a conservative field of force, the above integral leduces 
to 

»> 

h J \/ Z ds = (), ... (26a) 

1 

If the slope is small, 

ds^ ^ -h , ••• (26b) 


Again, for an electron moving iu a potential field in the (r, 0 ) plane we 

have 




7 ; ^/V 

Hence, the principle of least action for this case takes the from 

J \f Vds=o, (27a) 


where, 
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ds*= 8 r* + fW. ... (27b) 

A comparison of Hqs. (26) and (27) shows that the projection of the path 
of the ball on the it, 6 ) plane is analogus to the electron trajectories in 
the valve. 

Bearing in mind the above analogy we can compare the values of focal 
length as obtained from experiments with the model valve, with those 
calculated from Kq. (ii). From Table I it will be found that the two sets 
of values are in reasonable agreement, although, the experimental values 
are generally somewhat larger. This discrepancy may be accounted for, 
at least partly, as due to spherical aberration, to rotational inertia of the 
rolling ball and due lo the lack of validity of some of the assumptions 
involved in the derivation of Hq. (ii). 
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ON THE RAMAN SPECTRiA OF STYRENE AND 

POLYSTYRENE A|r -I80°C^ 

i 

By N. K. Ri)Y 

Optics Departmicnt, Indian AssociatiJw for the Cultivation of 
SCIRNCK, CaLCU*TA-32 

(Received for pitbllcatiom June 25, 1954) 

Plates XIV I, B 

ABSTRACT — ^The Raman spectrum of monatoieric styrene solidified and cooled down 
to — i8o*C has been recorded and compared with that obtained for the substance at 
room temperature. It is observed that in the ca^e of the monomer the intensity of the 
line 1630 cm"^ diminishes slightly, but that of the line 772 cm”^ diminishes considerably 
uith solidification and lowering of temperature to -i8o*C. The C~H valence 
oscillations also nndetgo some changes. It is pointed out that the lines 772 cm*^ and 
1630 cnr^ disappear completely and the intensities of some other fainter lines diminish 
considerably with polymerization of the liquid. When the polymer is cooled t ' —i8o*C 
no further change in the Raman lines takes place, but two fluorescence bands appear 
at .1260 A and 4556 A respectively. 

The monomer at — i8o*C yields four sharp new lines in the low-frequency region 
and a corresponding wing is also observed in the Raman spectrum of the polymer 
at room temperature. These results have been discussed in detail. 

INTRODUCTION 

In a previous investigation (Roy, 1953) it was observed that when 
monomeric methyl methacrylate is solidified and cooled to -i8o®C the 
intensity of the line 1640 cm~^ diminishes to half its value observed in 
the case of the liquid phase while that of the line 1722 cm** which shifts 
to 1700 cm”*^ with solidification, remains unchanged. When the substance 
polymerizes the line 1640 cm"* disappears completely and the intensity 
of the line 1722 cm"* also diminishes appreciably. So in the case of 
monomer in the solid state also association between neighbouring molecules 
takes place at the expense of C®C bond, but side chains are not formed 
in this case at the expense of C~0 bond although in the case of the 
polymer the formation of such side chains is indicated by the diminution 
of the intensity of the C = 0 line. In the case of styrene, Signer and 
Weiler (1932) first observed that the line 1640 cm"* due to C«C group 
vanishes with polymerization of the substance. Mizushima ei al (1937) 
pointed out that although the intensity of the line 1634 cm""* diminishes 
grealty with polymerization it does not disappear cppipletely and they 
concluded from these results that the polymer consists of thread-like 
♦ Commutticated by Prof. S. C. Sirkar, 

3— 1852P-8 
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of the monomer also indicates that in some of the molecules theC=C 
bond of the side chain is changed to C — C bonds due to linkage with 
neighbouring molecules. 


Table 1 

Styrene 
Av in cin“‘ 


Monomer at room temp. 


Mizashima 
ct al, 1937 


212 

(I) 

241 

(3) 

445 

db) 

5m 

(I) 

55» 

0) 

621 

(3) 

774 

(4) 

796 

(0) 

S35 

(0) 

9-9 

(2) 

999 

(9^ 

1035 

(2) 

1156 

(2) 

1183 

(3) 

3204 

(6) 

1240 

(0) 

1301 

(i) 

1321 

(3) 

1414 

(6) 

1450 

io) 

1496 

(•'?) 

1555 
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The line 772 enr^ is probably due to a mode of vibration of the benzene 
nucleus because this line is absent in methyl methacrylate. The dis- 
appearence of this line with polymerization is probably due to the formation 
of net-like structure which restricts the motion of the atoms in the nucleus 
during this mode of v,ibration. Since this line becomes weaker when the 
monomer is solidified it appears that in the solid state also such a resriction 
occurs. 

In the case of partially polymerised sample obtained by beating the 
monomer to 35^C—4o^C for 46 days the line 772 cm^^ is weaker than the 
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line 62s cnr\ but the two lines 242 and 2 tt are replaced by a 
broad line at 230 cm”^ Also the lines 1598 cm”^ and 1630 are of 

equal intensities although the latter is stronger in the case of the monomer. 
This can be seen from figure 6. Hence it appears that initially the 
molecules become attached to each other jat points other than the C = C 
bond, so that the lines 772 cm“"^ and 242 c(n“^ are affected predominently 
and finally the C==C bonds in the molect|les disappear rather quickly to 
complete the polymerization. 

In the case of the monomer in the state at — iSo^'C the line 

21 1 cm*^ IS absent but the line 242 splits up into two lines at 230 

and 242 cm-^ The intensity of the lijpe 1032 cm“^ diminishes with 
solidification of the monomer as with polymerization but not to the same 
extent. The changes exhibited by the lines due to C~H valence oscillation 
with polymerization are quite different from those observed with solidifica- 
tion of the monomer and cooling down to -tSo^C. In the case of 
polymerization the line 3010 cm”"^ disappears and the line 3063 0111““^ becomes 
broader. With solidification of the monomer, the line 3010 cm”^ shifts 
to 3014 cm~^ but persists with undiniinished intensity and a new line at 
3083 cm’'^ is observed. The line 3014 cm^^ may be due to CH2 group 
and disappearance of this line in the case of the polymer probably shows that 
the hydrogen atoms form virtual bonds with neighbouring molecules so that 
in place of CHj group a CH group is left and the latter gives the frequency 
near about 3063 cm"’^ In the case of the solid monomer at —i8o°C such 
a linkage does not take jdace but in this case the C — II group of the 
benzene ring is affected by the neighbouring molcules giving rise to the 
line 3083 cm'*. 

In the case of the monomer in the solid state at — i8o®C there are four 
new lines 46, 69, 90 and no cm“’. A close examination of the spectrogram 
due to the polymer at 3o®C also revealed the presence of a wing in 
the region. Thus these lines become broader in the polymer and 
are not resolved from each other. The sample of the polymer 
used in the investigation was a homogeneous solid mass so that 
the wing cannot be due to liquid state. This shows that the 
wing is not due to rotation of the molecules. The appearance of the four 
sharp lines of equal intensities in the case of the monomer at — i8o°C 
probably indicates that the benzene nuclei oscillate against each other 
in four different modes in the lattice and the low value of the strength of 
the virtual bond among the molecules gives rise to these lines in the low 
frequency region. The angular oscillations of the nucleus about its 
axes would have very small amplitude at such a low temperature and 
would not produce such intense lines. The frequency of angular oscilla- 
tions would also be much smaller if the interniolecular field wotild be of 
the same order as in the liquid state as observed by Ghosh (1953)- So 
these modes are probably due to translational oscillation of the nuclei 
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connected to each other through virtual bonds. The regular arrangement' 
of the surrounding molecules gives rise to discrete lines due to these 
oscillations, but tf the arrangement be irregular as in the care of the 
polymer, the lines are expected to be broader and to merge into one 
another to form a wing. There is an indication of the persistence of this 
continuous wing even in the case of the polymer at -i8o®C. The polymer 
at “i8o®C yields two fluorescence bands at 4260A and 4556A 
lespectively. The difference between the frequencies is 1524 cm“\ Other 
disubstituted benzenes such as chlorotoluene (Sanyal, 1953) bromotoluene 
(Biswas, 1954) etc., also yield such bands. These are disubstituted 
compounds having a halogen atom as one of the substituents in the 
nucleus. 

It is known from the results obtained by Swamy (1953) that the chlorine 
atom as the substituent helps the formation of virtual bonds among 
neighbouring molcuks. Since in the styrene molecules the benzene 
nucleus is monosubstituted and it exhibits fluorescence similar to that 
observed in chlorotoluene or bromotoluene, the results probably indicate 
that the benzene nucleus in polystyrene at low temperature (-180^0 
becomes associated with neighbourning molecules. 
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EFFECT OF STEEPNESS OF j^ISE AND FALL OF 
THE INPUT PULSE ON THE RESPONSE OF 
PULSE AMPLIFIERS! (PART II)* 

By BIMAL KRISHNA BHAfTACHARYYAf 

INSTITUTB OP NuaSAR PHYSICS, 92, UPPER (fRCUtAR ROAU, CAI,CUI,rTA -9 
{Received for ptibtication, J^ne 20, 1954) 

ABSTRACT. A study of the response characteikstics of shunt-conipeusuted ampli- 
fiers has been madefjra ramp function input The magnitude of the decreasing peaks 
of the highly damped overshoot cscillation has been determined. It lias been shown 
that the amplitude of the peak overshoot may be made insignificant for many applications 
when the rise time of the incoming wave-front is several times the RC time-constant 
of the plate circuit of the amplifier. In this case the contribution of the amplifier to 
the rise and delay times of the output pulse has also been found to be negligible and it 
has been observed that the output may be sharper compared to the input for values of 
w=(L/CR 2) higher than a lower limit which is determined by the rise time of the 
incoming pulse. 

The periods of overshoot oscillations and the reduction factor of the successive 
overshoot peaks have been given in the form of a table for all the interesting values of 
tn, In the cases of pulses having sharp rise and fall, expressions for the maximum 
output voltage obtainable have been derived. The peaks of undershoots have also 
been detenninedA 


INTRODUCTION 

In a previous communication fBhattacharyya, 1954) a study of the 
effect of steepness of rise and fall of the input pulse on the response 
characteristics of an RC-coupIed pulse amplifier was made. It was observed 
that the two important figures of merit of such an amplifier, e.g. rise and 
delay times of the transmitted pulse, are markedly dependent on the build-up 
time of llie input waveform. 

This paper presents a detailed study of the response characteristics 
of a shunt-compensated amplifier to pulses of the following types : (t) 
a ramp function input, (ii) a pulse with linear rise and fall and (in) a saw- 
tooth pulse. In this type of amplifier the advantage of decrease in rise 
and delay times is somewhat offset due to the appearance of over-shoots and 
overshoot oscillations in the case of a ramp function input. The resistances 
in series with the coil that is used for high-frequency compensation make 
♦Communicated by Prof. M. N. Saha. 

t Now at Indian Institute of Technology, Kharagpur, iu the Dept, of Geology and 

Geophysics. 
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the overshoot oscillations highly damped. The decreasing peaks of such 
oscillations and the times corresponding to the peaks have been determined. 

In the steady stale analysis of such amplifiers stress is generally laid 
on achieving constant gain and linear phase relations over the utilised range 
of frequency. When the interest is switched over to the determination of 
transient characteristics, the main object in the design lies in obtaining a 
iiionotonically increasing response. But it is not possible to attain 
such a response with two or four-pole coupling networks consisting of 
all the three linear circuit elements, e.g. resistances and inductors and 
capacitors. 

The influence of the circuit parameter which is a dimensionless 
quantity defined as the ratio of inductance L and CR^, on the lesponse has 
also been studied in order to choose a suitable value of m. It is known 
that by an increase in m we obtain a significant improvement in the lise 
time of the amplifier with a consequent increase in the magnitude of 
overshoots and overshoot oscillations. So the value of m should be chosen 
with the object of having a reduced figure of both the rise time and the 
peak of the overshoot oscillation. This paper attempts to furnish all the 
necessary informations regarding the nature of the i espouse for all the 
widely used values of m. In the cases of pulses having sharp rise and fall, 
expressions for the maximum output voltage obtainable and the peaks of 
undershoots have been derived. 

RESPONSE TO A RAMP P' UNCTION I N P U T P U U S E 

A typical circuit diagram of a shunt-compensated amplifier is given 
in figure I. Only the high frequency equivalent circuit (figure 2) of the 
amplifier will be considered. With the aid of this figure the expression 
for the output voltage may be wr itten as : 



Tic* I. Circuit diagram of a shiint conipensated amplifier 
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Pig. « High frequency equivalent circuit 
of a shuni-cotnpensated amplifier. 




3. A ramp function input pulse 


i>h 


P*LC-^pRC+i 


... (1) 


where 

c<(/>)= Laplace transform of the input excitation voltage, 
mutual transconductance of the tube, 

R= equivalent resistance in series with the coil, 

/-“•inductance of the coil. 

and C = stray and wiring capacitances across the coil. . 

Since the input pulse is a ramp-function (figure 3) we obtain 
(Bhattacharyya, 1954) : 




where it is the build-up time of the input. 
I Sqbstituting (2) in (i), we have 


eoip) = 



R + p L 

P^LC + pRC + i 


Now introducing the circuit parameter 

m^LiCR* 


in (3), we shall obtain, 


. I f¥{pCR). m 

' />* ' lpCR)'.m+(pCR) + i 


(a) 


(3) 


(4) 


(5) 


Nqwnalijsing ijjj^by the substitution t<^tlCR and «»(/) — 


we have 

g»K 


eo(f») 



where ir=»lttRC 
Equation (6) may be expressed as 


■ «*(#) 





-!-#> + 1) 


(P + Oti * 


(6) 


... (7) 


4~t8saT*'>4?. 
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where a, = i/m, at^UIzm). {i+ v'i-4'«) and a, = (i/2m). (i-v'i-4»m) 
Taking the inverse Laplace transform of (7), w'e have 

i.. . . e-".' + + «i_ t 

tr (^2 '^3 ^2^ ^3 ^3/ ^2^3 

I (12^3 ^^1(^2 "** ^8^ j «. (fl| "•* 

^2*^3* I ®2*(^3 ““ ^2) 

+ . e-".«-'0+ £l. (f- + a^Os-atJat + a,) ... (g) 

^3 (^2 “*”^3^ (^2^3 ^2 ^3 

‘With the help of equation (8), the equations for the transient response 
may be written in the following way : 

c««) =/-. + £i. e 


+ (o^t^L) ... (q) 


anu 

’• ff* I '(lsi'^(l2> 0,3 lfit3 ^ fl'a) 

+ -^, (t^L) ... (10) 

( 3^2 ^3 

5 

Both the equations (9) and (10) lead to an identical result at the time 

We shall now consider three special cases, e.g. (t) m < (ii) m—i and (iff) 
m > J. For the first case we obtain from equations (9) and (lo): 


eo(0=f. JUL 

V' I— 4 m 


1+ V I— ^ 
, I -2m- I 


^ gv' 1-4>7». f /2m 


. e'' r-""'. ' /2-» + i (t + m- 1), (o s f ^ <r) 

I — 2m+v^ I— 4m J 

1 ... 


where 


^ ■. m*(l 4 I-4»W) j_g(l-^I-r4lS)f,/2mj 

I— 4t«(l--2»»- v'l— 4m) 


■ ) A, 


Vi— 4 w) 


V i- 4 «»(i‘-a»»+' Vi— 4 »») i 


— ] 

— 4 w) *1 


I — .£<14" v'l-4iii)f /21» 
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and 


e.(0- ^ [«+6m)«-'/>*« +2i-3m)]. (o^ 


(13) 


We shall now consider the last and t ie most important case (m> i) m 
which the constants Oj, a% and arc given 


Substituting these values in equations (sj and (10) and simplifying, we 
obtain 


“■ . • I — m) V 4w — I cos ( 

^4^-1 L A 

+ (i-3m) sin +iU + m-i). {o^t^tr) 

and 


<15) 



g-< /2m 

V 4m — : 


where 


A cos 



+ B sin 



+ i> 


itr 

(16) 


/l“(i— m)v^ 4W — I I cos ( 


2W 


+ (i-3w) 6''/=*'" sin f — I tr 

\ 2tn 


and 

B=(i-3»b) 


I_fc«./2mcos( 4*” J . 


2m 


(17) 


— ef»/»«(i ^ 4m — I sin ( -VIA ’” — J (jgi 

\ am 

, .The object of this investigation is to form a correct idea; about the 
reproduction of the sharp leading edges with shunt-compensated ampItSers 
'Osing practical values of m. The values of m chosen are given below : 

(») m=»o.i, (ii) m=o.2, [Hi) m»o.35, (tv) »»=o.4i, 
iv) fits 0.50, ivi) « =5 0.60 and (vH), mssi.oo. 

’The response characteristics have been plotted in figures 4-& with the 
hid of equations (ii), (za), (15) and (16) for various values of tr. A plot of the 
st^&iQCtion Response of such an amplifier is given in Pig. 9. The rei^onse 
fuoctiou is given by the following, expression (Goldman, 1949) : 
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6-Kes{K>iise Ot a ahant-compensated ampUfier to a pjg. 7— Response of a shnnt-compensated amplifier to 
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Vig. $-.^esp(aiBe of a shimt-oompNisated amplifier to a Fig. 9_Response of a shimt>coiDpensated ampSfier 

nnip^tmcticniitiimt(f,«5.o.) step^onction input. 
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e,U) = 


^L4!!LZlt] + Sl:Z3!^ sin 
2'« / 


V 4?it *- 1 


t-cr*mpensjited amplifier has h^en 
here considered the other tv^ 
For the sake of comparison, the 

ifier have been given in every 

• 

ns : — A judicious choice of the 
espouse with full details of the 
arding the nature of overshoot 
5 section presents the formulae 
nd the magnitudes of overshoots 
for various values of wi. For m ^ 0.25, Ihfe nature of response is veiy much 
akin to that of an RC-coupled amplifier excepting for slight improvement in 
rise and delay times. This is why we have considered only the values of m 
greater than 0.25. The overshoot oscillation generally starts at a time 
i > fr. With the help of (16) we, then, obtain' 


dejt) 

'di 


/2w 

3 

ir 


4m -1. 


at tr n 2m 2 m^/ 4 m-l\ 2m 

-{ + Sin 1 f (19) 

( 2t1IV 4m— 1' * ^ 

At the peaks of overshoot oscillation, either positive or negative, the 
slope of the response function will be zero. Hence, we have from (19) : 
either 

g-f/2w~Q /^o) 


1-- 
^ 2W 


2m V 4w— 1! 




V 4W — I 
V 4W-i j I ^ 


By solving (30) or (21) we shall obtain the times corresponding to the 
mazimuin or mininiuih points of oscrllation. It is evident ^hat equation (30) 
cannot give any practicable solution. We can .express equjition (21) in the 
fc^owing way : 

.4, cos (^t + ?i)=o (23) 


At cos^>= 


2 W 2m<i/ 4»n”i 


^0 Sin f= + 

2tn 2n\*J 4nt-t 


where 
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and tan 4 «”.ZJ. * 

Solving (23), we obtain the times (, corresponding to the peaks of overAoot 
oscillation. The solution is . ‘ . 


i,= («±^£z5 ■ /•...• (aal 

where n is an integer having values o, i, 2, ... n. Differentiating (19); again 
we get " ‘ • 


dWt) _ « 


-t f2m 


n. 

2m 


di* tr 

At the time this expression reduces to 


~ cos (0i + 6) A sin (^4-0) 

I 



de 


I. /2m 

. sin + 

tr 


... (25) 


An examination of (25) leads us to the conclusion that the peak overshoot 
points given by (23) correspond to the positive peaks when n is even and to 
the negative when n is odd. 

Fig. 10 shows a typical nature of the overshoot oscillation in which 
, toi, t«t>-**ate the times of occurrences of positive, peaks. 

and (o3> times of occurrences of negative peaks. 



With the help of (23), we can now set up a relation amongst ttu 
U$ii Uii etc. We can write 

■ ■. ..'f-v 

+ *f#i + 2ar./d, J-, < ... (jg) 

and soon. ■* 

So the period of overshoot oscillation is giv^ b/ 2f/tf which is independent 
d the rise Snie of the input poise. 
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With the aid of (i6), the overshoot amplitude at the time t—tai may be 
expressed in the following way : 


O(eo.) = ^ 


f, 


V 4»t — 1 [ 


A tos 6toi+B sin ^<0, 


At the time t—toa, the overshoot amplitud| may be written as 

I 

I 

A |os 6i„i + B sin 

I 


*»■ V 4«i - 1 


Since, 

Therefore, we have 


— (37) 


... (a8) 


0 { t , y ) 


... <29) 


where R deno tes the reduction factor of the successive peaks of overshoot 
oscillations. 

Similarly, 


ife,’ - w 

Equations (29) and (30) give the ratios of attenuation between the 
successive positive and negative peaks. The periods of overshoot oscillations 
and the reduclio 1 factors for all the important values of m are given in 
Table I. This table will give an idea about the sharp decrease in successive 
overshoot amplitudes. 


TABI.K I 


m 

Period of oscillation 

Reduction factor R 


0.35 

6.957008 

—0.006948 

.000048 

0.41 

6 442860 

—0 019672 

.000388 

0 50 

6 285714 

—0 043160 

001863 

0.60 

6 , 3*’4878 

-0.070215 

.L04930 

1*00 

7.258120 

-0 162915 

.026541 


‘/Vith the help of equations (23), (26), (27), '29) and (30) we have plotted 
the times reckoning the peaks of overshoot oscillations and the amplitudes 
of the overshoots in figures ii and 12. 


5— 1S52P— 8 
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Big. II — Blidt of the time? reckoning the decreasing Fig. 12 — plot of the times reckoning the decreasing 

pea^s oJ overshoot oscillation and amplitudes of the peaks of overshoat oscillation and amplitude^ of the 

overshoots as a function of f overshoots as a function of tr. 
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A study of figures ii and 12 will show that the overshoot of an amplifier 
using shunt-compensation assumes its magimuiii at tr=o (a steprfunction 
input) for all possible values of m. For small values of 4 (from tr=o to 
ir’^0.3 approximately! the magnitude of tha peak overshoot remains almost 
constant. As U increases from its value o the overshoot amplitude begins 
to decrease very sharply. The nature of iecrease is practically exponential. 
The overshoot amplitudes O(toi) for ir=f.i and tr=8.o are given in 
Table II for a belter understanding of ther rapid rate of fall. It may be 
concluded from this theoretical study thil for an application where 10 
per cent overshoot is not very much objectwnable but the contribution of the 
amplifier to the rise time of leading edge of khe output should be very low, 
the value of >H = 1.0, for example, may befu^d in a specific case, lr=6.o, 
when O(toi)*=o.o9i325 and t„-h-o.8<r= -I.6254. [See next section]. 

Tabce II' 


i . 

w*o .35 

»n=o.4i 

O(foi) 

»»=o.5o 

0(t„) 

II 0 

m=i.oo 

o««,) 

0,1 

i 

G. 010034 1 

0.029294 

0 0^960 

O.U339S 

0.298315 

8.0 

0.001812 

0 005454 

0 012988 

0 022883 

o.t>66858 


RISK AND DELAY TIMES OP THE OUTPUT PULSE 


In the previous publication (Bhattacharyya, 1954) we have noticed 
that the actual contribution of the pulse amplifier to the rise and 
delay times of the reproduced waveforms is determined by the expressions 
(tu-U-^o.8tr) and (fd-o.5<r) respectively, where U, U and U have been 
defined such that 

c«‘t«^=o.9, Co(t(i) = o.5 and ec(h)“o.i. 

In order to study the effect of 1, on the reproduction of the leading 
edge of a pulse in a shunt-compensated pulse amplifier it is now necessary to 
derive analytical expressions for these three parameters t,„ id and U as a 
function of tr. 

With the aid of (15), we can write the following equation relating t« to tr 
(when tu ^ tr) : 


^ ^4m—i 


(i— mOV4<m — I cos 




V4fn — i 
2m 


tr 10 


(32) 


The solution of (3a) for various values of U will show' the nature of 
variation of U with the rise time of the input pulse. This transcendental 
equation (3a) may be solved by either graphical or numerical methods. 
We have used here the Newton-Raphson process (Scarborough, 19J9I of 
finding out the roots of such equations to a suflBcient degree of accuracy. 
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Wheu tu ^ tr equation (i6) will have to be utilised to determine 
correctly the 90% points. We then have, 



g-/ /2in 
V4W-I 


A cos 


y am 



yl42LZJL 

2m 



1 = 


SL 

10 


... (33) 

Following a similar process we can now easily compute the 10% and 
50% points of the response. The curves showing the rise and delay times 
of the output response as a function of U have been plotted in figures 13 and 
14. The corresponding diagrams for a RC-aiiiplifier have been included 
in the above figures for the purpose of visualizing the difference in response 
characteristics in the two cases. 



Fig. 13 — Plot of time as a function of fr • 



Fig. i4«— Plot of delay time as a function of it 
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The contribution of the pulse amplifier to the increase of rise time of 
the output is significant at very small values of ij.. It reaches the maximum 
value for a step-f unction input and then begins to decrease 

at an appreciable rate with the increase o| U The most interesting point 
•in the response of a shunt-compensated aitij^lifier to such a type of input Js 
the sharpening of the leading edge of the |)tilse when tv is greater than a 
certain value for a specified m. Due to mis reason, the curve (tu-U-o,Str) 
versus tr crosses the base line, say at This indicates that the 

rise time of the reproduced pulse is le^s than that of the input when the 
magnitude of 4 surpasses the lower limit <4 which is given by 

fi) =0.^2 ... (24) 

Table III will give an idea about t|ie actual measure of sharpening of 
the leading edge of the pulse for a parliculai: value of 4, equal to 8.0. 

Table III 



m=o .35 

fit = 0,41 

m-o so ! 

m = o.6o 

m = I 00 

(Rise time of the 
output)— (rise 1 

time of the input ) 

0126 

-.0308 

1 

■~.iro4 

- 1821 

" 5433 


The delay in transmission of the input pulse by the amplifier lias 
been shown in figure 14 as a function of tr- Because of the very small 
change of the delay time td with the variation of niy ta has been plotted 
against ir only for the case m = 0.35. The values of for other cases have 
been given in Table IV. 


Table IV 


m 

tr-O.l 

t 4 

fr= 0.5 

td 

fr = 1.0 
td 

tr ==2.0 
td 

tr-50 

td 

0.3s 

0.603000 

o.8j 1970 

1.091636 

1.652683 

3.I57IOO 

0.41 

0.598130 

0.806574 

1.082724 

1.630984 

3.104042 

0.50 

0.590000 

0.797572 

1. 070715 

1.603830 

3 026846 

0.60 

0*58.^650 

0 790345 

1.060766 

1-579341 

2.946921 

1.00 

0.570630 

0.775U10 

1.038642 

1.522298 

2.711985 


With the help of this Table we may now calculate the delay introduced 
by the amplifier for all the interesting cases. It is noticed that with the 
decrease of steepness of pulse fronts the delay caused by the amplifi^ 
does not increase appreciably. ‘ 
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RESPONSE TO A PULSE WITH LINEAR RISE AND 

FALL 


A pulse with linear rise and fall (figure 15) can be expressed as 


il)^K ± uit)-A + 

I3 ti vta ti) 


ti Ua ti) 

where K represents the height of the pulse. 


< 35 > 



iS—'A pnlse with linear ris^ and fall. 


The high-frequency equivalent circuit of the amplifier (figure 2) will 
only be considered. Then the normalized output voltage may be expressed 
in the following way : 

Case I (w < i) : 

(i) tr 

tr 


+ ... (36) 

I — 2m + V I 4^ J ’’ 

(ii) 

e.f 0 - /I aS" ^ 


m 




-t/2m 14 - v^i-4m 

. I— 2 m— \/i'“4m 


4^ I'im 


t/““ tr 


[Hi) t if 

eo(f) *= f - -Da«' f ** 

where 



— (37> 


... (38) 


m 


1 + Vi — 4 »* 


Vi“-4»» I — 8 t»— v'l— 4 m 


. JL X— k. e 1 

4 (tf-tr) r 
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— w I— Vi— ^ 


4 ? 1 tf — — 

, ^ 

Vi-4W i-am + Vi-4m {l/~ir) 


*”* ^ 1 - 4 ? 


, — 4 — _ eO-*'J-<'»»r/2m 

VI-- 4 W i- 2 m-Vi- 4 m <»•[ 




- /2m 


*" i . ,.<J+ /2m 

VI-4W r-aw+Vi-4»n *»• |«/-<r) 


( fr) 


g(l+\^l-4w)^, /2m 


Case II (m»|:) 

(»') O^t^tr 


1 


ir 


it + 6 m ) e -* /*»» + 2(( — 3»n) 


(«) 


tj 


(39) 


Co(<)= — (< + 6 m)«-*/*’“ I i-—i^ — s''/2' +_ 2 ^Lk-e-«-f,)/ 2 » 


^ 4 mtf _ 4 tw (< — 3 wt) 


(m) 


«o(0 (f + 6w)«“' z--p~^- s*'/**+— «'//2m 

<r («/-«r) «/-<r) 


... (40) 


^tf~tr) (tf-ir) 


Case HI (m > J) 
(») : 




V 4 OT -1 1 . 


\ 2 m J' 


m) V 4 »» — I cos 

(i + t» — i) 


(41) 


••• ( 43 ) 
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(a) if 


eoU)= At cos ( -4-’- ^ t + B, sin( | e"*/*" 

\ 2 m j \ 2 m j 


— ~~Ji. 

(tf-trf 


and 

ini) t ^ tf 

= cos 


{ -'/=*»■ sin f L 

y am / y 2 m 


••• (43) 


... (44) 


where 


A =s ILT !?i' — 


(i — m) cos ( - ^ ir 

Y 2 m 


sin 

V 4 W* — I \ 


Ji = (i- 3wt) _ t/et, / 2 m 


(i — w) sin I - tr 'l 


am 


+ ^^~ 3w) cos ^ '^4w- 


N/ 4 wi — I 


4 ^n-i t \ 
2 m . J 




etf!2fn 


and 






et//2m 


\ 2»« / ^/4m-i \ I] 


U/-tr) 


' y 2m ! ^4»»— I 


Hi!") cos 


cos 1 — =-</ 

am 


We shall consider here ofl\y the last '.case (m>J). With the help of 
equations (42-^44) the response functions have been plotted in figures i 6 -ao. 
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Fi|f. j 8 — Response of a sbnnt compensated amplifier to Fig. 19— Response of a shant couip<^iiarated amplifb:r 

a palse with litiear rise and fall (m *=0.50) : to a pulse v ith lijsear rise and fall <#n=o.6o) : 
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It is noticed from the figures that the maxiinUm amplitude gradually 
increases as the steepness of fall is reduced for a constant time of rise. The 
maximum amplitude occurs at a time im which lies within the interval 
tr ^ tfn^ So by difiPerentiatiiig the expression for the output voltage 
(equation 43) and equating deo(t)ldt to zero we can obtain an equation 
the root of which is equal to im* The equation is given below ; 

B 

2tn 2 m 



2m 


A, 


V 


2 m 


I ^ JL 

2ni 


Ur- tr) 


45) 


The values of tm obtained by solving (45^ are substituted in 43 ) to 
find out the magnitude of the maximum amplitude for particular values 
of tr and tr 

A plot of tm against // for different values of tr is given in figure 21. 
Only two values of tn, viz. (i) m = o.35 and (ti) m==i.oo have been considered 
because of the very small change of tm with m. Curves of the maximum 
amplitude Co (fm) have been drawn against if in figures 21-23 for three 
values of ir vi^s. (t) /i- =1.0, [ii) ir-z,K> and HU) tr— 5 -o. For the sake of 
comparison, the maximum amplitude curves of ordinary RC-coupled amplifiers 
have also been included in every figuie. It is noticed that the peak of the 
output voltage of a shunt-compensated amplifier is considerably greater 
than that of an RC-coupled amplifier. 



22— A plot of ) Against t/ 
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iMg. 23— A plot of c„{tj against tj (tr*5.o). 

Figures 16-20 also indicate that the amplitudes of the undershoots 
are appreciable when m > 0.50. Undershoots reach the peak value at times 
io >* tf. These points may be accurately determined by solving the following 
equation which is obtained by differentiating (44) 


- + sin 


V 4m — 1 


The times to thus determined are then substituted in (44) to obtain 
the peak magnitude of the undershoot. The nature of variation of these 
peak values with change in if has been shown in figure 24. The other 


I L«.»i 

1 I in ■ ^'00 y 


iwmi 


Fig. 24— A plot of undershoot amplitudes against f/. 

charcteristics of the undershoot oscillation are similar to those observed in 
the case of the overshoots of a shunt-cohipensated amplifier for a ramp 
function Inpat and may be determined in the same way as outlined previously. 
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RESPONSE TO A SAW-TOOTH PUESE 

Wlien tf— tr, the pulse shown in figufe 15 takes the shape of a saw-tooth 
waveform and may be represented by 


— — m(< — <j)] 

ti 


(47; 


In this case the normalized response functions are given by the following 
expression (m > |) : 






{i-ni) 4/4m-i cos 


»J 4m - I 

\ 2m I \ Ir 


V'4m — 
am 




+ W-l), O^t^tr 


48) 


and 

fo(t)=-V 


'(f-fr)/2m 


V 4m - 1 


COS 


/InCOS I 


s/ 4 m'-i 


I ^LAULZI sin (-'L 4 jnz iXl 

\ zm j \ 2 ni jj 


- ii-tX 


2 ni 


ll-JJ±^^\i4mz± (t-O 


i^ir 


where 

Ao — (i-m)V4fn-i j e -cos 
and 

B, = (i- 3««) ^'''2'"- cos ( t 

\ 2m 


4J 4 m — I 


2 m 


ir 


/ J 


... (49) 

+ (i - 3w) sill ( — -I 


zm 


~(i — m) v^4m-i sin 




The expressions of CoCi) for the other two cases, viz. (j) m = 4 and 
(li) m<i, will not be considered here. With the aid of equati jns (48; 
and '49) the response characteristics in the case of a saw-tooth input have 
been plotted in figures 16-20. It is observed from the figures that the 
maximum amplitude occurs at a time <=*</ and this assumes a much greater 
magnitude when shunt-compensation is used in an RC-coup!ed amplifier- 


CONCLUSION 


This investigation of the effect of ramp function input on the response 
characteristics of shunt-compensated pulse amplifiers leads us to some 
interesting conclusions. 

First of all, when the input pulse is not very sharp, the magnitude of 
peak overshoots may be made negligible fur many practical applications 
by a suitable choice of m. For example, let us consider the ease of. 
fi**3*5 BC, i.e., tr- 3-5 and m =*0,5- . Then the overshopt reaches its peak 
y|lue .030854 {3 percept of the normalized vslue) at the time f#i*"5!o6o497. 
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Secondly, the contribution of the pulse amplifier to the rise time of 
the output is not at all appreciable when .the build-up time of the input 
is not very short. If we consider the previ^s case, wc find that 
is only -0.008097. We, therefore, fini that when the amplifier RC 
constant is several times smaller than the input pulse rise time, the' transmis- 
sion of the leading edge of the pulse thi^ugii the amplifier may be made 
very faithful. 

An unexpected result of this analysis ii the finding that when the rise 
time of the input pulse becomes greater b] . several times the RC constant 
of the plate circuit, the output pulse nia; be sharper compared to the input 
for values of in higher than a lower limit 1 ihich is determined by the rise 
time of the incoming wavefront. In the case of pulses with linear rise 
and fall,' it has been noticed that the ma|iimtm amplitude of the output 
pulse and the time that corresponds to th|i maximum, depend very mnch 
upon times of both rise and fall of the input. The maximum amplitude 
of the output increases noticeably when shunt-compensation is used in an 
RC-coupled amplifier. 

This study of pulse amplifiers using shunt compensation gives us 
important design infoimation which cannot be obtained from the step- 
function response characteristics (Valley and Walhnan, 1948) It was, 
therefore, fell necessary to derive the response functions of pulse amplifiers 
with the assumption of an input waveform the shape of which is the best 
approximation to that of the actual input. 
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ABSTRACT. Using fust neutrons from a 100 mgm (Ra« + Be)-source the relative 
cross-section of the (11, p)-reacttons in Al*^ an>l Mg^< are determined by the method ol 
‘thre.shold detector’ following a previons work on fi** and Rates of /J-disintegrations 
from Mg*^ (T=io min) and Na** (r = i4.8 hrsl formed in the reactions are measured 
under identical geometry. Methods for applying corrections for self abs'^rption of the 
R-rays in the active sample and due to other causes are discns.sed. The relative cross- 
sections with respect of S'* (n, p)-reaction are obtained as o 11 for Al** and 0.14 for Mg**, 
showing a reasonably good agreement with the values obtained by Cohen. The importance 
of these results in interpreting the nuclear level-structure is discussed. . 

1. INTRODUCTION-PROPOSED WORK 

It is well-known that a study of the nuclear reactions with neutrons 
have contributed a great deal to an understanding of the complexities of 
nuclear structure. Valuable informations regarding the width and spacing 
of energy levels of heavy nuclei in the region of about 8 MeV excitation 
energy have been obtained by a study of the cross-section of nuclear 
reactions with slow neutrons. With fast neutrons endothermic reactions 
of the type (n, p), (n, *), (n, an), etc. are possible, the (n, p) type of 
reaction being fairly common when the neutron energy is well above 
the threshold energy of the reaction. Following a previous work, by 
Saba and Cboudhuri (1953), the method of the “threshold detector" 
has been employed to determine the relative cross-section of the (n, p) 
reactions in target nuclei which give radioactive end products of reaction. 
The rates of ^-ray disintegration of two radioactive end products produced 
under a constant fast neuiron-fiux and identical geometry of irradiation 
of the target and also measured under identical geometry, give directly 
the relative cross-sections of the processes leading to the formation of those 
products. The results of such measurements on Al*’ and Mg** using a, 
100 mg (Ra«+Be) source are reported below. 

The fn, p) reactions in Al** and Mg’* consist of the following ; 

(i) AF’ (n, p) Mg” -> Al” ( 7 ’~io min.) 

(a) Mg‘*(n, p) Na**— ►Mg’* (r'^14.8 hrs.) 
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The other reactions which may occur in i,AI and i.Mji consist of 

$- 

(3) A 1 (n, w) Na * ^ (T~i4,8 hrs.) 

(4) AF(n.>)Al“ 4 Si" (T-aimin.) 

(5) Mg" (n, a) Ne" -> Na" (r~ 4 o|sec.) 

(6) Mg" ^n, y) Mg”-> AP^ (T~io^im.). 

The product of the (n, p) reaction in Al” is radio-maRnesium, Mg®^, with 
mean half life ~ 10 min. and that in Mg" is | radio-sodium, Na", of mean 
half-life ~i4.8 hrs. Besides these product^ a number of other activities 
are likely to develop with much less intensifies due to the reactions shown 
under (3) to (6). Some of these activities whiA actually appear to develop 
feebly under our experimental conditions have been carefully taken into 
account in computing decay curves of Mg" and Na", as explained later. 

The saturation mass and the saturation thickness of the material to be 
exposed to fast neutrons are determined, these being necessary in the final 
measurement of the activity of the end product. Corrections are applied 
for (i) self absorption of P-rays in the active layer, (2) unsnturated peiiod 
of exposure to neutron source and (3) for the isotopic composition H.e., 
relative abundance of the nuclear species to be activated) of the irradiated 
substances. 


a. RXPERIMENTA.L DETAILS 

A thin-walled jS-ray G-M lube counter mounted in a fixed position was 
used and the activated substance was thoroughly mixed and placed in 
thin co-axial cylinders just outside the counter. The radio-active end 
product Mg*^ in reaction (i) above was produced by exposing pure 
aluminium powder to fast neutrons from the 100 mg (Raa + Be) source 
filtered through i mm cadmium. It has a half life of ~io min. as seen from 
the decay curve in figure i- Due to (n, y) reactions and (n, «) reactions 
in Al*^ a short period activity (T~2.3 min.) and a long period activity 
(r~i4.8 hrs.) also appeared to develop with small intensities (reactions 
(4) and (3) above). The short period activity raised the few initial points 
in the decay curve and became practically negligible after a decay time 
of — 20 min. The long period activity gave a residual effect of ~ 6 c.p.ra. 
appearing as a tail. These were carefully eliminated from the observed 
decay curve and the initial intensity of the 10 min. activity determined. 

By exposing Mg" to fast neutrons radio-sodium Na" was formed 
according to the reaction (2) above. This decays with a half life of ~i4.8 
hrs. as given by the decay curve in figure 2. The (n, «) reaction in Mg" 
would give radio-neon Ne” of about 40 sec. half-life and the (n, 7) process 
in the same would give radio-magnesium Mg" with a half life of ~ 10 min. 
But since the relative abundance of Mg" is only ~ii%, under the 

7— J653P— 8 
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Fig. I 

Decay curve of radio-uiagnesimn Mg*^ showing a half life of ^ 10 minutes. 



o zo . 20 30 40 

Time in honrs — > 

Fig. a 

t>ecay cvrve of radio-sodtQtn Na** abowing a half Ufe of » i4’8 hrs. 
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condition of our fast neutron exposure there is little possibility of radio- 
magnesium to develop. This is proved by the fact that the observed points 
in figure a fit quite well with the 14.8 hr. slope of the decay curve almost 
from the beginning. Further any feeble intensity of radio-neon that might 
be developing completely dies out before mea|uremeuts are commenced. 

The saturation mass and the saturation thickness of the material to be 
exposed to fast neutrons (Al*' and Mg**) we|e investigated separately, this 
being done by identical methods used foil sulphur and phosphorus (Saha 
and Choudhuri, 1953). The results indicite a saturation mass occuring 
at about 550 gins for A1 and 750 gms l|)r Mg. The thickness of the 
saturation layer comes out to be o.S gm/cin* i^nd i.’ay gm/cm* in t'le two 
cases respectively- I 

The final measurements of the activity of radio-magnesium (Mg**) 
produced from Al*' and radio sodium (Na**) produced from Mg** by the 
(n, p)-reaction were carried out carefully under identical geometry as 
used before. The saturation mass of the substance was activated, 
thoroughly mixed up, and the decay curve of the well mixed active powder 
in a cell of saturation thickness was obtained. From the curves the 
initial activity comes out to be 120.2 counts/min. in Al** (n, p) Mg** and 
73 counts/min. for Mg** (n, p) Na’* after subtracting background. 

3. CORRECTIONS 
The following corrections were obtained : 

(a) Correction for self-absorption in the thick layers of the active 
substance used in the final measurement was obtained by the method given 
by Aleu (1950). If we consider an infinitesimal layer of thickness dx 
gm/cm* of the active substance with a true activity at a depth a: below 
the surface, dA,=ai.a.dx, then the measured activity of this layer as 
transmitted through it becomes 

c"' ^ ^ .dA , = a.n.e““' -dx, 

where Q is the suiface area of the layer and the true activity of the sample 
per gm and ^ the reciprocal absorption coefficient in gm/cm . On integrat- 
ion we obtain the measured activity 

X 

0 

Also giving finally 

(t) 

At xl^ 

At X very large, the activity for the infinite layer becomes 

giving 
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A plot of log ( I — /I tn/ mac) against a: gives the slope of the curve as,— 

In figure 3, curve fa), this plot for aluminium is shown, from which we obtain 
the slope 2.3x2.43* -5.6 md A^n/ Af^22,3% from relation (i). 
for a sample thickness Xo = o.S gm/cm®. Likewise for magnesium the 
slope -i/£*^- 4.6 and AmiAi-iy% for a sample thickness 1.27 gm/cm*. . ^ 

The results obtained were checked by an independent method given 
by Metzger, Alder and Huber (1948) in which the true activities of the 
samples of different thicknesses converted to the activities per gm of the, 
material are plotted as a function of the sample thickness in gm/cm* 
and the corrected activity per gra extrapolated to zero 'thickness is 
determined, A plot for aluminium is shown in figure 3. curve (b) which 



O.I 0.3 0.5 C.7 Q,g gm/cm* 

Cell thickness 


Fig- 3 

Correction for self-absorption in Al. 

Curve (a) ; The logarithmic plot for obtaining the coefficient of absorption. 

Curve (5) : Direct plot of activity per gm obtained at various layer thick- 
nesses used for extrapolation to zero thickness. 

gives 1.0/4.3=23%. The Mg-curve (not shown) likewise gives 

A„f i.gs’^ i$%. These results agree well with those obtained by the 

earlier method. 

(b) Correction for isotopic composition of the activated substance 

was necessary for Mg*‘. The relative abundance for Mg** being 77.4%, 
a correction factor of 100/77.4 therefore necessary to convert to the 100% 
pure isotope. For Al*' no correction is necessary. * 

(c) Correction for the non-saturation time of irradiation to the 
fast neutron source was applied to the observed activity for Mg**. The 
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muHIplic^tion factor for converting the observed activity to that at infinite 

exposure is (i - ==Vi - e ^ / ; i being the time of exposure and T the 

inean half lifej<^i.o5. ^ 

The sample of Al®^ was always irr^ 4 iated for 6 . times the decay period 
and hence practically no correction is neo€s|ary on this account. 
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I 

The initial activity for aluminium ruction for the saturation sample 
of Al after applying the above corrections c^nes out to be 

^ .i£2,^«sW|ni2. x-i- |m 8.7 couuts/sec. 

^ ^ ' 6osec 0.23 ! 

^ s 

For the satiiratiga sample of Mg, the corres^nding initial activity is 

,l,= 73 . f^unts/mi n counts/sec. 

60 sec 77.4 o.is 

Using the measured initial activity from the S” (n,p)-reaction to be 79 
cps (Saha and Choudhury, 1953), we obtain the relative cross-sections : 

o-(n, p)Al*^ ^ . (r(p. p)Mg"* 

<r(n, pis” ' ’ crfn.p jS®* 

with a probable error of ± 10 to 15%. 


DISCUSSION 

Similar measurements of cross-section of (n, p)-reactions in AI and Mg 
have been made by Cohen {1951) by using d®-d* neutron source upto 
18 MeV who has obtained the values 25 mb for Al” and 39 mb for 
the Mg*® reaction. The ratio of the two cross-secMons comes out to be 
1.56 which compares favourably with our result obtained at a much lower 
neutron energy. Forbes (1952) has determined the reaction cross-section for 
Al*’ to be 79 mb at a maximum neutron energy of ~i4 MeV. There seems 
to be considerable divergence of values obtained by these authors. 

It is known from theoretical formulae (Feschbach, Peaslee and Weisskopf, 
1947) that for a given fast neutron energy in this region, any variation in 
the cross-section from isotope to isotope reflects mainly the variation in the 
level spacing D of nuclei. It would therefore be expected that at neutron 
energy above the reaction threshold, the cross-section would increase with 
the nuclear mass, quite rapidly at first, as Z7 decreases with increasing 
complexity of the nucleus and then for heavy nuclei would change only 
slowly. Ihe cases of Mg** and Al*’, however, do not appear to fit in this 
scheme. It is, therefore, important that the average level behaviour of the 
nuclei, particularly the level spacing D, would be obtaineii from a 
measurement of the absolute cross sections at a suitable neutron energy. 
Any unusual behaviour of a nucleus observed in this respect should be 
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correlated to an unusual binding eneigy of the neutron in the nucleus. 
The study of fast neutron reaction cross-section for the even-even ' and 
even-odd isotopes is important in this respect. With a view to verifying these 
theoretical conclusions, similar measurements of (n, p)-reaGtion cross- 
sections have been made in S**, P** and Pe**, besides the present cases, 
and a few more measurements have been taken in hand. A consolidated 
account will be presented when the prexnt series of measurements are 
complete. 
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I 

Plates XV a 4 ) 

ABSTRACT. New and improved wavelength data on the fluorescence bands of iodine 
vapour excited by mercury lines is given. Wavelength data on McL/ennati bands is obtain- 
ed from thallium spark excitation for the first time. A complete analysis of these fluores- 
cence bands in the region AA 4738— rgsQ A. IT. is presented for the first time. Koiir new 
electronic states in Malliken’.s term scheme for molecule are identified. It is suggested 
that no reson«nce series are obtained in ultraviolet on excitation with mercury arc line.s. 

I N T R O I) TJ C T I 0 N 

The fluorescence spectrum of iodine vapour is one of the most extensively 
studied topics. All the important results have been suiinnarised by Pringsheim 
in his masterly treatise on “Fluorescence and Phosphorescence ’ (1049)- 
Dealing with the ultraviolet baud systems in fluorescence he says that their 
analysis is by far less complete than that of the visible bands. Almost all data 
referring to the upper states are missing. Iodine is one of the few molecules in 
which we get information about the upper states from fluorescence data, on 
account of the rich fluorescence spectrum it gives in the ultraviolet. In the 
absence of a satisfactory analysis of all these bands it is fell worth while to 
take up an exhaustive investigation of these ultraviolet fluorescence bands. 

Oldenberg <1923) discovered this ultraviolet fluorescence giving the reso- 
nance spectra on irradiating the vapour with mercury lines 1849 and 1942 A, 
the bismuth line 1903 A and the zinc line 1900 A. For only the last of these 
spectra, the wavelengths of the individual members have been published. 
They were interpreted as forming the resonance series from 5th anti-Stokes 
member to the 35th Stokes nieniber. The data on the resonance spectrum 
excited by mercury lines is not available in literature. While no bauds were 

recorded below arooAby oldenberg on excitation with mercury radiations, 
he claims that the other bands mca,siired by him form two resonance series 

He also raen«ons that some bands in the region below 2310A, are of a doublet 
or a triplet character with a separation of 7 A. U. He further observes two 
pairs of bands at 1S87 and 1910 A, which have a splitting of 0.9 and i.i A. . 
respectively. The explanation of the splitting is not clear. In the visible 
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resonance series the splitting was observed to be about 0.2 A.U. representing 
the rotational splitting. The splitting observed by Oldenberg is by far 
greater than the above rotational splitting and so cannot be assigned to the 
rotational level separations in the vibrational states of the ground state of I3 
molecule. In such a case the nature of the splitting requires close 
investigation. 

The most interesting and complicated bands appear to be those discover- 
ed by McLennan and named after him. They extend from 4600 to 2100 A 
and were obtained on irradiating the vapour with mercury lines 1849 and 
1942 A, and Al, Zn, Cd, Mg sparks. Experimentally it was established that 
these bands were excited only by wavelengths less than 2100 A. They were 
recorded by him on a low dispersion instrument. They were diffuse and 
spread out into various groups, the one between 3300 and 3100 A being 
most conspicuous. McLennan observed that for most of these bands the 
wavelengths are independent of the exciting radiation. Though qualitative 
groupings of these bands have been made by Duscliinsky and Pringsheim, 
they admit that they are not of any special significance. An analysis of these 
bands has not been made till noiv perhaps due to lack of a complete under- 
standing of the possible electronic states of I3 molecule. 

Mullikcn (1935) w'orked out the complete term scheme in iodine with 
possible locations of the various configurations with respect to one another. 
There has been a considerable progress recently on the analysis of the emission 
and absorption bands of iodine. Venkateswarlu (1946, 1947) analysed the 
emission bands of iodine and identified a number of electronic states in the 
scheme given by Mulliken. He observed some coincidences between these 
Me bands and those obtained by him and others (Curtis and Evans, 1933) in 
emission. He suggested therefore that these Me bands could be explained on 
the same basis as his interpretation for the emission bands. It was felt that a 
thorough investigation of this casual suggestion is desirable. 

Pringsheim points out a long regular sequence of fluctuations in the 
region below 2500 A, with a spacing of 380 cm“'^ appearing simultane- 
ously with the resonance progression. This Av of 380 cm*’* is claimed to be 
about twice the ground state frequency (215) and does not find an easy 
explanation. These points needed clarification. It was also necessary to 
pick out the resonance series excited by mercury radiation, if any, and 
separate their wavelength data which do not exist in literature, from that of 
the Me bands* Then we might be able to understand the nature of the so 
called splitting observed by Oldenberg in some bands. Also the various 
casual suggestions regarding the origin of the Me bands had to be thoroughly 
examined and the exact states involved in the emission of these bands are to 
be identified. Their nature, whether repulsive or non-repulsive has also to be 
determined. 
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K X I> E R I M R N T A I, 

A pyrex glass tube of the special form suggested by Wood, with a strain- 
free bulb at one end and a Wood's horn at the other has been prepared and 
used for work in the visible region. Instea4 of the bulb, a quartz-to-pyrex 
graded seal tube with a fused-in quartz window is attached to the above tube 
for work in ultraviolet. A side tube is provided with a con.striction to 
evacuate and seal off with iodine crystals in it. Under such conditions the 
fluorescence lube contains only iodine crystals and its vai)our at a pressure 
corresponding to the saturated vapour presi^ire of the substance at a given 
temperature. For the work in visible regioi| a Fuess spectrograpli which has 
a dispersion of i6A/mm at .1200 A has I^en used. Hilger small quartz 
spectrograph having a dispersion of iqA/nuuUit 2500 A and medium quartz 
spectrograph having a dispersion of loA/mm at 27<*oA and sA/mm at 2200A, 
are used for investigations in ultraviolet. vSpectra in visible region have been 
recorded on HP3 and Ilford panchromatic plates, whereas Ilford Selochrotiic, 
vSpecial Rapid, Qa and Q3 plates have been em]>loyed in ultraviolet region. A 
quartz mercury arc run on 220 D. C. at 3.5 amps, and a thallium spark run on 
a 20,000 volts transformer are the sources of excitation. With thallium spark 
an exposure of 120 hrs. in ultraviolet region and 150 hrs. in visible region are 
required with a slit width of about 400 microns, whereas with the mercury arc 
48 hrs, in ultraviolet and 24 hrs. in visible were sufficient with a slit width of 
230 microns. In the case of the mercury arc special precautions are taken to 
avoid all extraneous radiation. 


K n S V h T s 

With mercury arc excitation the Me bands could be obtained 111 the 
region 4569 to 1942 A and with thallium spark in the region 4738 to 
2035 A (figures i, 4 and 5 in Plates XVA and XVC). As seen from 
Table I, there is a close agreement between our data and these of 
McLennan's in the region 2800 to 2100A, whereas there is a considerabie 
deviation in the region 4600 to 2800A. A close band to band examination 
reveals that our data is more accurate. McLennan bands in the visible region 
excited by mercury arc and recorded on a Fuess spectrograph (which has a 
higher dispersion in this region than the medium quartz spectrograph) gave 
more accurate data and revealed four discrete bands instead of the continuum 
at 4130 to 4015 A, as reported by McLennan. The other data are also claimed 
to be accurate within an error of i to 2 A. IT. as a result of the higher disper- 
sion we could use than McLennan. 

ANALYSIS 

The starting point of our analysis of the Me bands was the analysis of 
the emission bands of iodine in that region by Vankateswarlu. Of all the 
terms given in MulUken's term scheme, Venkateswarlu was able to identify 
fifteen terms and attribute various band groups to transitions between those 
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terms. The diffuse nature of the bands and the absence of a development as 
a whole of any system was explained by his suggestion that most of the transi- 
tions involved are between a stable state and various repulsive states. His 
work and that of Mullikcn established the fact that in I2 molecule case c type 
coupling holds good rather than cases a and b. 

Table I 




Present measurements 


McLent]an*s 

data 

A (A.U.) 

1 

Merriirv arc 1 

1 

Thallium spark 


Intensity 

A (A U.) 

Intensity | 

MA.r.) 

i 



8 

4738 





4703 




6 

4641 




6 

4605 

4608 

1 

j 




4550 

I : 

45 <^ 

1 

I 

' 4570 


i 


2 i 

4532 

4505 

, o 

45^2 



44 Si 

! t 

445 « 

i 

'' 1 

4454 


! 1 

1 

1 

4408 

1 

1 

1 

4358 


I I 


I 

4339 

4290 

1 

j 

1 T 

1 ’ 

4269 

2 

4303 

4250 

i 

2 

4238 

2 

4246 

4210 

i 

2 

1 

4ig6 

2 

4200 

4170 

1 

! I 

1 , 

1 •)'52 

4 

4156 

4130 

t 

1 

I 

4IT« 

4 

4 i 3 ‘» 


2 

4ot<o 

4 

4009 




3 

4055 

4015 

2 

4005 

2 

y )79 

39*5 

3 

3926 

2 

3922 

3870 

4 

3857 

2 

3852 





Fig, L Mclennan bands of I 2 vapour exited by Hg arc, on medium quartz spectrograph. They are marked as different 
groups, into which they have been analysed. The numbers 90, 120 etc. are the values of , m units of cm“ of the 
upper states from which the groups arise, due to transitions to lower repulsive states. The wavelengths of standard iron 
lines are marked m A U. 
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Fig. 6. Bands below 2400 A U. recorded on Ilford Q3 plate w'lth a medium quartz spectrograph, excited by mercury lines. 
Bands with 380 cm~i successive differences ar»sc out of a transition from an upper repulsive state to a lower state 
e “380). Other bands represent a system involving the ground state (ui e ~215) and a stable upper state e“150). 
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Present measurement? 


McLenuan’s 

, . - - 

- - 


— 

data 

A (A U.) 

Mercury aic 

< 

, — . — ^ 

Til 

illiiim spark 


Intensity 

A (A.r.) 1 

i 

Intensity 

A (A U.) 

3800 

1 2 

.S- 1 

2 

1 3795 


1 2 

i 

3777 1 


i 


1 0 

375^5 1 



37-\S 

0 

3739 f 

3 

373-> 


1 



1 


2 

3^73 

2 

36AS 




2 

3640 





1 36^7 

35i^5 

4 

35^5 



3555 

1 

3554 




1 

I 

1 

3539 


3543 

35^*-) 

I 

3.S.. 




0 

35' 

2 

3495 

3475 

2 

346.S 

. 3 

3175 

3445 

I 

3-13^ 

1 , 

3446 

3420 

1 

3414 

1 

4 

3415 

3395 

1 

! 33S3 

i 

4 

3392 

3365 

1 

1 ' 

1 3355 j 

4 

3364 




4 

3353 

3315 

1 

1 

3 

; 331''^ 

3^9t> 

' 4 

33<»^ 1 

3 

3302 

3268 

8 ! 

1 

327^ 

1 

3 

' SiS 2 

3245 


i 

3253 1 


3253 

3220 

i 10 

3229 

6 1 

1 

3230 

3195 

10 

3205 

1 

3 

3202 

3^75 

! 

1 

3182 

4 

3i7« 


' 4 

3162 

4 

3157 

1 

3 

3135 

4 

' 3141 


3 

3123 

4 

3121 
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Table 1 (coiitd,) 



Present measurements 

McLennan \s 
data 

A 

Merciirv arc 

Thallium spark 

(A U.) 

Intensity A. (A U.) 

'’i 

Intensity ! A (A.U.) 




Ultraviolet Fluorescence Spectra of h Molecule m 


Tabi.ic I fcontd.) 


Molten* an's 

Present oieasurements 

data 

A 

Merniiy arc 1 i 

Inaihuni .‘pa»'ks 

(AU) 

_ — 

t i 



Intensity 

1 ^ (A.U.) 1 Intensity 

' - A i 

A (^.U.) 

! 


1 




f I 


3628 

4 

2629 f : 3 

2632 

2622 

4 

2621 i 1 


2617 


1 i 


2612 

1 

2612 ' 2 

2610 

2504 

3 

2591 ; 


2580 

2 

I 2 

2581 

1 

2 

3568 


2560 

6 

-’Sf" 

255^ 


I 

255 i 


2515 

2 

2545 1 




! 2 

2534 


I 

2520 


2515 

I 

1 

2516 



2 

251^ 2 

2512 

2495 

s 

24^5 2 

2401 

247^) 

6 

247f^ 3 

2474 

245f' 

1 

6 

2453 2 

2458 



2 

2444 

2426 

8 

2427 2 

2425 

2408 

8 

2408 2 

2407 

2382 

8 

2386 < 2 

238r 

236CI 

7 

2363 2 

2361 

3340 

6 

-’345 2 

234^> 

, 

4 

2329 


2320 

6 

2322 2 

.?322 


2 

2308 


2300 

5 

2300 ! 



3 

1^7 1 2 

2292 
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Tabi.e I (contd.) 

Pn-smt rnoasn rements 

McLennan ’s 

data Mcrcurv arc Thallium spark 

\ 

(Ajj.) ~ ^ r 

Tntcn«'itv a (A.Tk) Inteusitv i A (A.U.) 


2277 

s 

227y 





2263 

2 

22A6 

3254 

4 

2257 



?237 

3 

j 224A 

2 


221S 

3 

1 

2 

2 220 

2ig5 

3 

j 2205 

1 

2h h 

217c) 

2 

j 2182 

I 

2176 

2162 

2 

21A1 


1 


-J 

1 

2142 

1 

T 

' 2148 

2 1 20 

I 

2122 

1 

i 2121 

1 


I 

2103 

I 

i 2103 


I 

2084 

I 

1 

1 2' '8] 


T 

206f^) 

T 

20f^ 6 


I 1 

2052 

1 

2057 


i 


I 

2047 



2034 

I 

2035 

1 

I i 

202^) 



1 

I 1 

2005 




I 1 

i 

1989 




I 

iv71 




I 

1959 



; 

2 

1942 




Tables II, III, IV, V, VI include all Me bands extending from the visible 
region down to 40754 cm"'. Table II contains five groups of bands arising out 
of a transition from the stable state with «o~2i5 to 

various repulsive states as identified by Venkateswarlu. A few bauds excited 
by mercury arc radiations do not appear among those excited by thallium 
spark and vice versa. The bands given in our data do not always agree 
with those in the data due to Venkateswarlu. But the differences of the 
order of 215 cm“‘ appear to be genuine. The transition being between a 
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TABtR II 

Bands arising out of transition from a stabla state with 

<i>'^2i5 to various repulsive stages (figures i and 2). 



22157 

22425 

22680 

2341S 

23589 

23826 

24078 

30285 

30516 

30741 

30960 

31192 

31418 

31616 

31889 

32280 

32490 

32702 

32907 

33324 

33502 

33877 

3406a 
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Tabw III. 


Bands arising out of transition from a stable state o'''«{*S\) 

with 1.1 ~ 165 to various repulsive states (figures i and 2). 


Mercury arc 



Thallium spark 



Transition 









F(cm ''0 




>'(cttr*) 

Av 

2.4277 

166 

1 


i 

24055 

I5I 

2 M -43 


1 f'.. 

24206 


i''i 73 




183 

24962 


I 


i 24389 

2 X 133 





j 24654 

3X157 





1 25125 




! 


1 2 «i 490 


250:0 



i.M,') 

25953 


26274 


0 „ ^ <r ,, 3 ir „ 5 ir y < cr ^ . 


26343 


36552 

134 



^36903 

2X172 

3668^ j 

149 



37247 


36835 

177 


o/( 3 n„„) 



37012 

2X130 





37261 







stable upper state and a repulsive lower state, the band system corresponds 


only to a single progression containing the upper state frequencies. If 
different sets of vibrational levels in this state are responsible for the emission 
and fluorescence bands, then the wavelength positions need not be the same 
in both cases. This might possibly explain any discrepancy between the 
emission and fluorescence data. For instance, two progressions excited by 
mercury arc. start at 23418 and 30285 cm"*, whereas 22948 and 30006 cin“* 
are the starting points for similar progressions in emission data. These 
transitions given in Table II from Zg to five repulsive lower states are able to 
account for 23 bands (figures i and 2). 

The upper slate i„ I*!!,,) is located at 51528 cm"’ by Veukateswarlu from 
the, data on the dissociation limits and products and the first bands of three 
of the groupii given by him. The first bands in our groupings are systems 
atically of a higher frequency than those given by Venkateswarlu to a 
•mmimum of 500 cm"'. In the light of the- above explanation we can 
consider that at least two higher vibrational quanta are involved in the 
tranaition giving rise to fluorescence spectrum. If this interpretation is valid 
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then the approximate value of the height of the state may be confirmed 
to be 51528 cm-’. The five lower states o-„('' 5 % 0 , 

may be confirmed at 2039^, 28580, 21522, 19712, 1S878 cm”’ 
respectively as located by Venkateswarlu. ^ 

A similar procedure and explanation lel us to the identification of five 
groups of bands arising out of transitions fi|m a stable upper state 

with «)~i 65 to various repulsive I states. The groups and transi- 
tions are set out in Table III. In three trinsitions o*«— ’TI^ 
we find only one band each. The assignmtft of these single bands has been 
made possible by comparison with th(| emission data. Venkateswarlu 
obtained only pairs of bands with separatioi|of about 165 cm"’ and assigned 
these transitions. We obtained one compollenl each in these pairs and hence 
the assignment, ii bauds excited by merci|ry lines and 10 bands excited by 
thallium lines are assigned to these transitions. 

The determination of the heights of these levels is more leli ible than in 
the earlier case. The upper state o*«(’S’«) was located at 516S3 cni“’ from 
an analysis of the Cordes bands in the region 1950 to 1794 A. The lower 
states oV*S*„), o%(’ 5 *ff), XgVrig), oV®n„) may be considered to 

be at 27619, 26345, 25916, 25525. 14821 cm"’ respectively. 

There are three groups of bands with separations of the order of j 20 cm"* 
assigned to three transitions from a stable upper state r^('n^) with the con- 
figuration to three repulsive states (Table IV) (figure.s r and 2). In 

the first two transitions more bands are obtained in the mercury source while 
there is an equal number of bands in mercury and thallium sources in the third 
group. A maximum number ofiy bands are assigned to these transitions. The 
state iff('Ug) is fixed up at 58572 cm"* and the lower states i«('’Ai«), awCAiw). 
ittf’II,,) at 21522, 19712, 18878 cm"*. The process of identification of these 
states was the same as that adopted in the case of the states giving rise to 
the bands with separations of 215 cm"* (Table II). 

Table V contains five groups of bands with separations of about 360 cm"' . 
The transitions were suggested to be from the stable state ; 

*n,i 4 )(r®j}'’IIj,,p to five different repulsive states. As could be seen from the 
table there is better consistency in the values of Av in these transitions than 
in previous cases. The progression with 34062 cm"* as its first band started 
with 34432 cm'* in case of emission bands. But this agrees with the second 
band 34425 cm"* in our data. So the actual location of the repulsive state 
i» (*Ai„) has to be fixed at 21892 cm"’ instead of at 21522 cm"* as given by 
Venkateswarlu. The stable state has been idtntified at 56000 cm"', 

and the other repulsive states i» o»" 2i( '’Aj,,), i« ('ll,,) 

may be identified at 29399, 28580, 19712, 18878 cm"’ respectively. 

There are about 6 bands (in mercury arc source) and 3 bands (in thallium 
source) in the region 3750 to 3383 A not fitting into any one of these transi- 
tions. They have a mean separation of about 360 cm'*. These bands are 
not contained in the list of emission bands given by Venkateswarlu. They 
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could not be connected with any of the bands given in the earlier tables. 
The value of the separations is the same as that to be found in Table V. This 
suggests that these bands may arise out of the same upper state as those 
contained in Table V. The lower state may be likewise identified as a repul- 
sive state »„* jr/ <r„*; o«~ ('Sa"). This newly identified transition is 
tabulated as a continuation of Table V because of the common upper state. 
It is interesting to note that this transition occurs only in fluorescence bUt 
not in emission. It may be added, however, that the lower state Ot." 
was suggested to be involved in another transition with a-f )r„‘ a/ I’llj,) 
resulting in a continuum at 3416 A. The height of the state On* is 

located by us at 29341 cm“*. 

Table IV 

Bands arising out of transition from a stable state i^CII^) 

with 120 to various repulsive states (figures i and 2K 


Mercury arc 

Transition 

Tballinm spark 



•'(cm’*) 

Ay 

374*8 



37639 



127 



3x115 

37SSS 



37983 



4X118 



3x107 

38026 



38303 



it6 




3814* 


1 




131 



38273 

1 

i 




1 

38738 


38584 

i 


3 X 126 


134 ! 

39^12 


38718 

i 


3^113 


2X106 } 



389*9 

i 

1 




107 

39451 


39036 


, 2.PA,J 




134 1 



39*70 





XII 

1 



39*81 





1 

4x113 




39734 





3967* 



39797 



136 

j 


3*112 

39797 



4013a 



axi 35 



2x138 

40068 



40408 



3x135 



2XI3I 

40474 



40671 



3 X X40 



2*116 

40754 

fcv'.. .... 



40904 
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Table V 

Bands arising out of transition front f stable state j(<r/ n’t * n/, ’IIjH <r^g)\ 
ig with <i>~ 160 to t^arious repulsive states. 
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Tabi,b VI 


Bands arising out of transition from a stable state irg wu* «■/ <>•„. !« CSw’) 
with «o ~ 90 to various repulsive states. 


M€rcur3’ arc I 

•-(em’b j 

^ Transition 

Thallium spark 


i 

1* ir „4 o2j,. 

21100^ 

21257 

2X79 


• •• 

■ 

I. (» 2 +)->ir, 

21541 

21709 

2X84 

21881 


I. <r,. I, ('n,) 

21876 , 

22059 

2 X9I 


Another set of transitions where we can give better information than 
available front earlier work is the pairs of bands with a separation of 90 cm"' 
(Table VI). Venkateswarlu identified three bands at 4747.2, 4662.1 and 
4575.2 A as due to the three transitions given in Table VI. As remaiked by 
us earlier the data of Me bands in this region as given by Me I«ennan are not 
quite reliable. In the excitation by mercury lines we obtain only one band 4569 
A corresponding to 4575.2 A in emission. We, however, obtain six bauds with 
the thallium spark source which could be easily paired off with separations of 
2x84 cm"‘ (figures i and 2). The upper state i« at 44900 cm”’ is also 

involved in the tramsitiou resulting in Pringsheim -Rosen, Kimura-Miyanishi 
(P.R. K.M.I bands in the region 2700 to 2000 A. It has an w-value^go cm"' 
obtained from the analysis of the above bands- This could be identified with 
the mean value84 cm"* suggested above by us. This observation confinr.s with 
definite evidence the identification of the above transitions, i« to the 

repulsive states o'J (’S*), ij, (® 2 p The heights of these repulsive 

states are 26345, 25916, 25525 cm”*. 

The band 2444 A is the least wavelength involved in all the above tables. 
Below this wavelength there are in all 64 bands in the region. 2427 to 1959 A 
recorded on Ilford Q3 plates. This whole region was obtained by excitation 
with mercury lines. Excitation with thallium spark gave bands upto 2035 A 
only (Table !)• The original data of Me Lennan extends upto 2129 A (Table 
I). Venkateswarlu published no emission bands in this region. The 
P.R. K.M. bands extend from 2700 to 2000 A. There is a close agreement 
between some of these fluorescence bands and the P.R.K.M. bands in this 
region. 

According to earlier workers some of these bands may form the resonance 
series excited to vibrational quanta of large values. As already pointed out 

successive difference of 380 cm”* in some bands is difficult to eaq>lain as 
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two limes the ground state difference. Also the magnitude of the splitting 
of some bands into doublets is not of the proper value corresponding to the 
rotational separation in the resonance series. Besides some bands show 
actually a triplet structure with peculiar intensity distribution. A close 
examination of the bands and their sij|ccessive differences led us to doubt 
whether there is any genuineness aboii| the so called doublet and triplet 
structure. We are more inclined to conlider these doublets and triplets as 
accidental groupings of two and three |)ands. The higher dispersion used 
by us led to a more reliable data both o| the magnitude of the separations 
and the relative intensities of the bands ulder consideration. 

We ultimately rejected the theory ofiattributing the doublet structure to 
the resonance series. If we accept Ihc existing suggestion that some 
of these bands form the resonance sefies the following peculiarities are 
conspicuous. I,ow values of the vibr|tional quanta are not evidently 
excited. Only high values of the vibrational quanta appear in the 

analysis. If we accept 380 cm*^ as 2 x 215 (which is in itself a questionable 
approximation) only alternate vibrational quanta seem to be excited. While 
the presence or absence of some bands in a resonance progression is not in 
itself a serious draw back on the analysis (for instance, the 2nd, 5th etc., 
members in the visible resonance series are recorded as missing), it must 
be noted that these missing bands are too regular to believe. It appeared 
plausible to us that the systematic difference of 380 cm**’ covering the whole 
region 2427 to 1959 A may be a genuine difference not connected with 
215 in the ground state. The bands involved in these differences 
are marked in figures 5 and 6. It is evident from these two that 
there is a gradual decrease in intensity as we go down to the short 

wavelength side of this progression. This series of bands includes besides 
others some components of the so called doublets and triplets. It appears 
reasonable to consider that these bands result out of a transition between two 
states neither of which is the ground stale. Considering the diffuse nature 
of the bands we can conclude that one of the two states is a repulsive state 
while the other one is a stable state with to-^380 cn^^ These two states have 
to be identified in the term scheme given by Mulliken. The 

upper state may b2 reasonably identified with the repulsive state 
proposed by Pringsheitn (1949) at an approximate height of S 5 o<>o 
to 60000 cni"*\ In the term scheme due to Mulliken there is one 

state 2 ff in the configuration The overall height of this 

configuration was suggested by him to be S.i e.v. In the same configu- 
ration two other states ijr and \g with ai'-^2i5 and 120 cm 

respectively were identified earlier, at heights of 6.39 and 7.26 e.v. If we 
consider this new state 2g to be at about 7.5 e.v. the lower 

State may be fixed up at about i.o to 1*5 e*v. The right type of 
SMte call be ’ identified as 2ti{’n2«) m the configuration f^g 
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TAStB VJI 

Bands arising out of transition from a repulsive state 5 fo 

a stable state <r,*jr*«)rV« 5 with w~38o (figures 5 and 6). 

(These two states are newly identified.) 


Intensity 

a(A.U ) 


Ar 

8 

24^7 

41191 

325 

8 

2408 

41516 

382 

408 

345 

8 


41898 

7 

*363 

4230^ 

4 

2344 

4*651 

389 

6 

2323 

43040 

400 

4 

2301 

43440 

377 

6 

2282 

43817 

335 

6 

2264 

44152 

386 

4 

2245 

44538 

388 

6 

2225 

44926 

387 

4 

2206 

45313 

418 

6 

2186 

45731 

3 «o 

4 

2171 

46041 

357 

3 

2155 

46398 

360 

4 

2238 

46758 

426 

3 

21x9 

47184 

384 

3 

2102 

47568 

328 

4 

2087 

47896 

388 

4 

2070 

48284 

433 

a 

2052 

48717 

383 

5 

2036 

49X00 

389 

4 

2020 

49489 

385 

a 

2004 

49874 

377 

I 

1989 

SO* 5 i_ 

382 

1 

1074 

50633 

387 

1 

1950 

510SO 


Tliis state is a stable state with w ~ 380 cm”'. In the same coi»» 
^guratidn twb other states lu {*II,«> and Ou* which are also stal^t 
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were ideatified from an analysis of the near infrared and visible bands. 
There is also one repulsive state (i„ involved in a transition giving rise 

to the Me bands with 120 cm"* separation (Table IV). The upper state for 
these 130 cm"* bands results out of the sg^e configuration as the repulsive 
state 2„(*n,,) suggested by us for the j8o cm"* bands. As case c type of 
coupling holds good in Ij molecule both ripulsive and stable states can occur 
in the same configuration. It appears |therefore plausible that the above 
group of bands may arise out of a transit!^ between a repulsive upper state 
; 2ff(®Il2y) and a stable Idjwer state ; 2u('ll2«). 

(Table VII). | 

We are finally left with 38 bands Sn the region 2353 to 2010 A. The 
most intense bands appear to be in the region below 2150 A. In general 
these bands are more intense than the earlier group of 380 cm“^ separation. 

It can be seen from Table IX that the sudbessive differences of these bands 
alternate between 150 and 215 cm“Maverage values) systematically. There 
appeared no other way of connecting these bands with other groups or 
treating them as two independent groups. They could be arranged into a 
Deslander's scheme as given in Table VIII. The scheme is built up smarting 
with the highest frequency band and treating 150 cm"* as the upper state 
vibrational frequency. Then 215 cm"* will readily fit in as the lower state 
frequency developing a peculiar Deslander's scheme. Each band can be seen 
to be characterised by a {v\ r'O value. The exact numbering of these v\ v" 
values is however not possible as no band could be definitely ascribed to a 
particular (v\ v") value. So an arbitrary start with and r" is made and 
successive positions are marked as v' + 1, + 2, 'r' + 3,...etc., 24 successive v' 

levels and 19 successive levels could definitely be identified. No bands 
corresponding to low v\ values are obtained. From Table VIII it appears 
again that only bands corresponding to high a;' and v" values are observed. 
This is rather peculiar, but yet consistent with the systems discussed earlier. 
In the band system with 380 cm"* it was pointed out how the intensity of 
bands was observed to increase with the higher v" values. Likewise it may 
be possible that in the present system bands with low v'") values may 
altogether vanish. 

Of the two states the one with a mean separation of 215 cm"* may be 
identified with the ground state itself. The upper state is also a stable state 
with a number of quantized vibrational levels. Its exact height cannot be 
fixed up as the exact (v\ 'u'O numbering is not known for this system. 
However, from the region of bands it may be fixed up at about 45000 to 
50000 cm*"* above the ground state o^,^ A suitable state at about this 

height and satisfying all the requirements of the selection rules may be found 
in tbt CMfiguration and designated as ot (*Sa"). The fact 

tbal it may support the idea of a stable state. This interpretation of 

.fn a transition between two stable states one of which is the 
will explain (i) the difficulties about the doublet and “triplet^ 
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Table IX 

Bands arising out of transition from a stable state <r o'^«(’ 2 *«) 

with «~i5oto the ground state with w~2i5 

(The first stable state is newly identified). 


Intensity 

X(A.U.) 

v(cin'’) 

At' 

3 

2353 

42491 





422 

3 

2330 

42913 





386 

3 

2309 

4329Q 

1 




240 

3 

i 2296 

43539 

148 

4 

3288 

43^7 




236 

3 

2376 

439*6 





134 

4 

2269 

44057 





203 

3 

2259 

44*60 





155 

3 

2251 

44415 





240 

3 

2339 

44655 





J 74 

4 

2230 1 

44829 





222 

2 

22ig 

45051 





178 

3 

221:0 

45229 





207 

4 

2200 

45436 





164 

3 

3192 

45600 


' 



278 

3 

3179 

45878 





297 

6 

2165 

46175 





139 

4 

2x59 

46314 





179 

4 

2150 

46493 





149 

8 

3143 

46642 





204 


2134 

46846 





127 

8 

2128 

46973 





32s 

6 

2114 

47*98 





14s 

4 

2107 

47443 





• 2II 

4 

2098 

47654 





ZZ$ 

8 

20 Q 3 

47777 

* 




220 

> 4 

2083 

47997 

' ' 






3077 

^136 





, - 1 .,-,: ,, 

••if : -r 'ill 
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Table IX (contd.) 


Intensity 

A. (A U.) ' 


p (cm'J) 


Ap 

12 

2077 


48136 


( 

! 


4 

2066 

c 

f 

f 

4838.* 


1 246 


10 

2062 

48486 


i 104 


6 

2055 

5 

4864 1 


155 


8 

2046 

, / 
i 

1 

48870 


1 229 


8 

2040 

4C‘oii 


' 141 


6 

2031 


492 ?3 


212 


8 

2025 


4037 ^ 


, 149 


1 

3 

2016 


49594 


222 


8 

2010 


49741 


147 



structure, (a) the reason why the resonance series are not obtained even 
though a transition to the ground state is obtained, and (3) the relative 
intensity anomalies of the doublets and triplets. 

Our final conclusion is that when iodine vapour is excited by mercury 
lines below 2000A, no resonance series in the rigorous sense of the word is 
obtained. All the bands form one system or another of the Mcl<ennan type of 
bands. A transition to the ground state is involved in some bands but only 
from various vibrational levels of a stable upper state, resulting in the 
development of a band system involving the vibrational differences in both 
the states. 

With this interpretation we are able to explain all the bands obtained in 
fluorescence spectrum of iodine excited by mercury and thallium lines. 
Finally we may add the explanation given by Pringsheim as to how a 
molecule in the ground state could be raised to a level possibly higher than 
the e.\citing radiation. It was suggested that the exciting radiation might 
take up the molecule to a stable state, lower than the exciting radiation, from 
which it is transferred to any higher state possibly by some process of 
collisions (Pringsheim, 1949). 
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Y 

ABSTRACT. The Raman spectra of orth<>- and para bromotoluene in the solid 
state at different low temperatures were recorded. With solidiheation one line due to 
C=C vibration of both the comp muds diminishes in intensity. It is suggested that this 
fact indicates the association of some of the molecules in the solid state at the expense 
of the C = C bond as in the case of polymerisation of styrene. 

Only one new line at 94 cm'^ appears in the low -frequency region when ortho 
bromotoluene is solidified and cooled down to -6o®C. With lowering of temperature 
of the solid to -i8o®C, another line is observed at 36 ern’^ In the case of para compound 
in the solid state at -2o*C, two lines are observed in lou -frequency region. With lowering 
of temperature of the solid to — i8o*C the iuten-»e line at 33 cm"^ disappears but three 
more extra lines appear in the low-frequency region. All these irregular changes have 
been critically discussed. 

In the solid state at -i8o"C either of the substances exhibits two fluorescence 
bands in the visible region, the frequency difference between the bands being about 
1600 cm*^ It is suggested from the evidences available that the fluorescence of 
bromotoluenes in the solid state at -180’C is a property of the groups of molecules of 
the substances. 


INTRODUCTION 

It was shown in previous papers (Biswas, 1954^1 ^954^^) 
intensities, positions and sometimes the number of the low-frequency Raman 
lines due to organic crystals change irregularly with the change of 
temperature of the crystals. The data reported so far indicate that these 
lines are produced by some oscillations in the lattice in which the restoring 
force is much larger than the Van der Waals force in the liquid, and that 
some of the lines are definitely not due to the angular oscillation of the 
molecule* postulated by some previous workers (Kastler and Rousset, 
1941 ; Bhagavatami 1941). It has not yet been possible, however, to 
interpret quantitatively the results observed in individual cases. For 
instance, the increase in the number of low-frequency Raman lines with 
lowering of temperature of the crystal observed in several cases was explained 


* Communicated by Prof. S, C. Sirkar 
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by assuming that association of molecules with next neighbours takes place 
at lower temperatures, but this is only a qualitative hypothesis. The 
quantitative explanation on this hypothesis is possible only in those cases 
in which the crystal structure is definitely known at different low 
temperatures, so that we can find out the changes in intermoiecular distances 
taking place with change of temperature. Also the results of investigation 
of the ultraviolet absorption spectra of these substances at low temperatures 
may throw some light on the influence of lowering of temperature of the 
crystals on the oscillation of the molecules in the lattice, as pointed out by 
Sirkar and Swamy (1952). For this reason it was thought worthwhile to 
study the Raman spectra of a few more isomeric disubstituted benzenes of 
which the results of investigation of the ultraviolet absorption spectra 
at different temperatures are known. The present paper deals with the 
Raman spectra of ortho- and para bromotoluene in the solid state at different 
temperatures. 


EXPERIMENTAL 

The liquids used in the present investigation were supplied by the 
Eastman Kodak Co., U. S. A., and were of chemically pure quality. The 
experimental procedure and the technique employed to record the Raman 
spectra in different states are exactly similar to tho^e described earlier 
(Biswas, 1954a). The Raman spectra of these substances in the liquid state 
were also investigated and the results were compared with those reported 
by previous workers in order to check the purity of the sample used. 
A Fuess glass spectrograph with a dispersion of about 11& per mm in the 
4046 A region was used for photographing the Raman spectra of these 
substances in the solid state, while the spectrograms of the substances in 
the liquid state were obtained with the help of a spectrograph of dispersion 
about 14A per mm in the 4046A region. Microphotometric records of some 
of the Raman lines were taken with a Kipp and Zonen type Moll 
microphotometer. 


RESULTS AND DISCUSSIONS 
I. Raman Rpectra • 

The calculated Raman shifts of the substances in the liquid state and 
in the solid state at difierent low temperatures are given in Tables I and II. 
The tables also include for comparison the results of investigation by some 
previous workers in the liquid stale of these substances The spectrograms 
are reproduced in figures i and 2, Plate XVIA. Microphotometric records 
showing the relative intensities of some of the Raman lines due to intra- 
molecular oscillations as well as the intensities of the low-frequency lines 
of the crystals at different temperatures relative to some other line due to 
molecular vibration are reproduced in figures 4f 5 Plates XVIB — C« 
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Microphotomctric records of Raman spectra of o-bromotolucnc 


PLATE XVIB 



Fig. Z (a) Liquid at 82°C 
„ (b) 40% solution in a-hcptanc 

(c) Solid at-180®C 

{w\ a* 152 cm-J f (Vi =s 207 cm-i » *= 1671 cm-i , a >4 « 1697 cm*i ) 

(Dispersion in (a) is about 14A per mm and in (b) and (c) about 

1 1 A per mm in the region of 4047A) ' 
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Microphotomctric records of Raman spectra ofp-bromotoluene 

Hg 4368A 



Fig. 5 

Fig. 4 (a) Liquid at 32®C 
„ (b) Solid at— 180“C 

-1 -1 -I . -1 

{wi 295 cm , 794 cm , » 1061 cm , W 4 1592 cm ) 

Fig. 5 (a) Solid at-20®C 
(b) SoHd at— 180®C 

•1 •} <1 .1 
(^t « 52 cm , » 94 cm » <03 « 183 cm , (»)4 « 162 cm ) 

(Diipcrsiott in (a) of Fig. 4 ts I4A per mm and in (b) of 
Fjg. 4 ii about llA per mm) 
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Table I 

o-Broiiiotoluenc ; BrCfeH4CH3 


V in cm 


-1 


Liquid 


Solid {present author) 


about — 6o*C 


At-i8o"C 


Magat (1936) 

Piesent author 

154 (10b) 

152 (8b) + e, ±k, i 

217 (0.5) 

221 (i) e 

236 (4) 

239 (4) + e, ±k 

296 (8) 

i 

297 (10) +e, ±k, i 

411 (2) 

414 (3) e. ^ 

544 (7» 

544 (K>)±e, k, i 

656 (6) 

655 (8)±e, k, i 


737 (i' e, k 

796 

799 (9) k, i 

852 (0) 

i 863 (0) e 


947 (0) c 

q 86 (lb) 

996 (lb) e 

1030 (4) 

1028 (5) e, k 

1043 ( 6 ) 1 

1046 (10) e, k, i 

1 

115^ <4) 

1162 (4) e, k 

1204 (s) 

1216 (9) e, k 


1250 (lb) e 

1274 (2) 

1280 (2b) k 

2378 (3) 

1383 (5) ^ 


1431 (ib) e 

1456 (0) 


2567 (3) 

1571 (6) e, k 

1593 (3) 

1597 (7) e. k 

287s (0) 


2927 (0 

2928 (2) e, k 

3061 (3b) 

3063 (5b) e, k, i 




f 

— 

1 

>> 

I94 {5b) e, k 

36 (2) k 

100 (4b) e, k 

|68 (4b) e 

172 (5) e 

'^47 (0) e, k 

, 247 (i) e, k 

^97 (3) k 

2 C 7 ( 4 )e, k 

414 (f>) e, k 

413 (0) e, k 

544 (3) e, k 

346 (4) e, k 

660 (3) e, k 

66n (4) e, k 

799 (3) e, k 

799 (4) e, k 

1028 (2) e , k 

1028 (2) e, k 

2046 (4) e, k 

1046 (4) e, k 

1162 (i) e 

1162 (1) e 

1216 (4) e, k 

i2if (4) e, k 

1383 (i) e, k 

1383 (2) e, k 

1571 (0) e, k 

1568 (2) e, k 

1597 (0) e, k 

1597 (i) e, k 

2926 (i) k 

2926 (i) e, k 

2944 (0) k 

2944 (0) e, k 

3063 (5) e, k 

3063 (5) e. ^ 
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Tabi,e II 

/)-Broniotoluene ; BrC6H4CHa 
V in cm' ^ 


I/iquid 

Solid (present author) 

Magat {1936) 

Present author 

At abvout “20®C 

At - iSo’C 



33 (4) k 

52 (i) k 



iiS (ib) k 

94 (3b) e k 




133 (4> e, k, i 


242 (0) e 


162 (r) e, k 

291 (10) 

295 (10) ±c, k, i 

295 U) e, k 

295 (5) k 

3^3 

'•66 (0) e 




418 (0) e 



462 (0) 

488 (ob) e 



63* (4) 

634 (4)±e, k, i 

634 (i) e, k 

634 (2) e, k 

702 (0,5) 

6q 8 (0) e 



792 (9) 

794 (9) e, k, i 

791 (s) e, k 

791 (7) e, k 

819 (0) 

822 (i) e, k 



840 (0 5) 

1005 (i) e, k 



3069 (7) 

1061 (8) e, k, i 

io 5 i (4) e, k 

io6x (s) c, k 


j 1102 (0) c 



1170 '2) 

1177 (1) e, k 



1209 (s) 

1314 (6) e, k 

1214 (2) e, k 

I814 (3) e, k 

1300 (0.5) 

1379 (>t>) 



1374 (3) 

1 

1383 (3) e. k 

1406 (0) e 

1378 (0) e, k 

1377 (*) e, k 

1 

1436 (00) 

1453 (ib) e 



1588 (s) 

*S 39 (0) e 

159 * (6) e. b 

150^ (0) c, k 

1590 (2' e. k 

2870 (2) 




2920 (2) 

?925 (4) e, k 

291S (4) e, k 

29IS (4) e» k 

2972 (2) 


2942 (i) e 

1 394a (a) e 

3028 (0,5) 

, 3056 (4) 

1 

1 3063 (6b) e, k, i 

3063 (5) e. k 

3063 (s) e, k 
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ia) Low-frequency lines : 

Ortho-bromotoluene yields one intense and broad Raman line at 94 cm"* in 
the low-frequency region when the substance is solidified and cooled down 
to — 6o®C. With lowering of temperature | of the solidified mass to — i8o®C, 


new line appears at 36 cm“^ 
•metric records reproduced in 
inotoiuene at — 20®C only two 
ctively are observed. The first 
that at 1 18 cm^' is weak and 


this line shifts to 100 cm’"^ and anotheij 
It can be seen from the microphoij 
figure 4 that in the case of solid p-br^ 
low-frequency lines at 33 and 118 cm*”^ res| 
line at 33 cm"’^ is intense and sharp whili 
diffuse* When the temperature of the solilified mass is lowered to — i8o®C, 
the intense line at 33 cm^Misappears, the |ne 118 cm"' shifts to 133 cm"' 
and becomes stronger and three other appear at 52, 94 and 162 cm”' 

respectively. Of these four lines observed at — 180® C those at 94 and 
133 cm'"' are very intense. 

These data indicate that the line 36 cm"' observed in the case of 
o-bromotoluene at -i8o®C cannot be due to any angular oscillation, because 
there is no such line in the crystal at -6o®C and an angular oscillation is 
expected to have a larger amplitude at — 6o®C than ai — i8o®C. Also, in 
the case of ^j-bromotoluene the spectrum in the low-freqency region under- 
goes thorough change with the lowering of the temperature of the crystal 
from -20^0 to -i8o®C. The appearance of the new lines 133 cm"' 
and 162 cm"' at -i8o®C clearly indicates that some virtual bonds are formed 
at this temperature between neighouring molecules, because such large 
frequencies cannot be explained by Van der Waals forcesi especially, 
in a molecule containing bromine atom. It is not possible, however, to 
draw from these results any definite conclusion regarding the changes which 
take place in the arrangement of the molecules with lowering of temperature 
of the crystal and it would be interesting to study the crystal structure of 
this substance at -20®C. In the case of o-bromotoluene the changes are 
less remarkable, probably because the molecule being more asymmetric 
than the molecule of the para compound, lowering of temperature does not 
increase the asymmetry to a much greater extent. The apperance of the 
new line at 36 cm"' at -i8o"C, indicates that the virtual bond between the 
neighbouring molecules formed in the case of the para compound at - ao C 
appears in this case at -i8o®C. Hence it would be highly interesting 
to compare the crystal structures of these two isomers at different tempera- 

tures. 

(d) Intramolecular vibrations : 

It can be seen from the microphotometric records that in ca« of both 
0. and ^bromotoluene the intensity of the line at 159a cm* due to 

C-C oscillation diminishes when the substances are ^hdtfied and 

to-i8 o"C. It has been shown by 

I9S3) that when jwlymerisatiou takes place in the case o me y me a > 
4— iSssP— 9 
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ttie line due to C=C vibration of the single molecule disappears completely. 
In the present case, therefore, the appreciable diminution of the intensity 
of the line due to C=C vibration in the solid state at — i8o®C may indicate 
that some of the molecules of o- and p-bromotoluene in the solid state at 
— i8o°C form associated groups at the expense of some of the C*»C bonds. 
Similarity between the present case with another case of polymerisation 
has been dealt with in a subsequent paragraph. 

As regards the changes in the other molecular lines with solidification 
of the substances, it can be pointed out that the line at 295 cm"* of 
para bromotoluene undergoes a diminution in intensity when the substance 
is solidified and cooled down to — i8o’’C. This line corresponds probably 
to some deformation oscillation of the C — Br group. In the solid state the 
amplitude of this oscillation has been probably restricted by the presence 
of neighbouring molecules. It is also observed that in both the cases the 
C — H valence oscillation undergoes changes with solidification and in place 
of a line at about 2928 cm"* at room temperature two lines are observed. 
The distance between these two lines is larger in the case of the para 
compound than in the case of the ortho compound. It may be mentioned 
in this connection that even when the molecules of either methylmethacrylate 
or styrene are polymerised, only a few lines due to the molecule undergo 
changes in intensity and position. So, in tlie case of association of molecules 
postulated in the present case much change in the intensities and positions 
of the lines due to the single molecule is not expected. 

It is further seen from Table I that the line 152 cm"* of o-bromotoluene 
shifts to 17a cm“* and its intensity increases with solidification and cooling 
down to — i8o®C. In the case of o-chlorotoluene also such a change was 
observed by Sanyal (1953). He suggested that that the line might be due 
to a dimer. To test the correctness of this hypothesis the Raman spectrum 
of solution of v*bromotoluene in heptane was studied in the present investiga- 
tion. It was observed that the intensity of the line 152 cm"* relative to 
that of other lines is less in the case of the solution than in the case of the 
pure liquid. So, if this line be due to a dimer, thebond between the two 
molecules must be quite strong. No definite conclusion can, however, 
be drawn without studying Raman spectrum of the substance in the vapour 
state. 

2. Fluorescence Spectra : 

It tt seen in the spectrograms reproduced in Plate XVIA that both the 
substances - in the solid state at — iSo’C exhibit two broad fluorescence 
bauds in' the visilfle region. The centres of the bands as well as their 
approxiuwte -widths and visually estimated intensities are given in Table III. 
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Table 111 
Fluorescence bands 


o-Bromotoluene at — i8o“C .1 />-Broniotolnene «t — j8o*C 


Position of 
band in 
cm'i 

Interval 

in 

Width 
in cm‘^ 

1 

Relative 

intensity 

— 

Potion of 
baM in 

Interval 
in cm"^ 

1 

Width 
in cm'* 

Relative 

intensitv 



515 j 

5 

|i 95 S 

! 

33 V 

4 


1638 



1 

1599 



aifiis 


535 

4 

C/i 

On 


37 V 

4 


The spectrograms due to o- and /-biwtnotoluene in the solid state at 
— do'C and — ao^C respectively do not sho^ any trace of fluorescence. This 
fact suggests that in this particular case close proximity of the molecules in 
the crystal lattice is absolutely necessary for the excitation of fluorescence. 
It is interesting to compare these results with those observed by Roy (r954) 
in the case polystyrene at -i8o°C. When styrene molecules form polymeri- 
sed groups, the line due to C=C vibration of a single molecule disappears 
and when the solidified mass of polystyrene is cooled down to - iSo'C, the 
substance produces two fluorescence bands at 4260 S. and 4655 A respectively. 
In the present investigation both the ortho - and para bromotoluene in the 
solid state at -i8o°Cshow an appreaciable diminution in the intensity of 
the line due to C=C vibration and both exhibit broad fluorescence bands 
in the visible region. This striking similarity between spectra of o- and 
^>-bromotoluene in the solid state at -- i8o“C and the spectrum of polystyrene 
at — i8o®C is quite significant. The molecules of polystyrene exist 
as large polymerised groups without definite lattice structure. The excitation 
of fluorescence in polystyrene at - i8o°C is therefore, a property of the 
molecules in the polymerised groups. Similar fluorescence exhibited by 
bromotoluenes in the solid state at -i8o‘’C then probably indicates the 
fact that in this particular case it is the molecules of the substances and 
not the lattice, that is responsible for the appearance of fluorescence at 
-iSo^C. With solidification, the molecules of bromotoluenes are believed 
to form associated groups and with lowering of temperature to -i8o°C, 
these groups undergo contraction and are subjected to uneven stresses from 
different sides. This, of course, introduces some inhomogeneity in the 
groups and causes the substance to fluoresce. Further, it is seen from 
Table III, that the frequency-difference between the successive fluorescence 

bandsapproximatestothefrequencyof the C=C vibration of the molecules. 

It is therefore, quite likely that when the molecules in the solid state get 

associated at the expense of C=C bonds, this disturbed oscillation is coupled 
with the electronic state of the associated molecules and gives rise to a second 

fluotescence band with the observed frequency shift. 
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MEAN LIFE OF DECAY OF Mu|)NS IN THE ABSENCE OF 

MATT® * 

By N. N. BEWAS 
Bose Institute ^icutta-^ 

(Received for publicatiok, July 5, 1954) 

ABSTRACT The possibility of a slow decre&e of the mean life of the positive muons 
with the decrease of^. as seen from some acenrati experiments of recent times has been 
utilised to infer that the moan life of free decay If the negatives (in the absence of matter) 
IS a^ ut a.35 n secs,, which is higher than the nielin life of the positives (2.32 /isec), if the 
positives are assumed to undetgo free decay in the presence of matter. 

It IS argued that the variation of t+ with Z, if true, may either be due to the decelera- 
tion of the positives by the Coulomb field or the capture of the positives as the Coulomb 
barrier decreases. The latter process is thought to be more likely 

1 he mean lives of free decay of both positive and negative /i-mesons are 
generally believed to be the same (Krausber, 1948). Recently, however, some 
accurate experiments on the determination of the mean life of the positive 
mesons in different elements have given rise to some complications. Bell and 
Hincks (1951), and Morewitz and Sbamos (1953) evaluated r+ in iron (<?-=26) 
and sulphur (Z= 16) absorbers respectively by the method of delayed coinci- 
dence. Alverez, et al (1950) determined in carbon using artificially 
produced mesons of high intensity. All these data led Morewitz and Shamos 
(19S3) fo suggest the possibility of the dependence of r+ on the atomic numlier 
of the absorbing element such that 

r+ *2.22 ±0.02 /isecs (Bell and Hincks) for Z ^ 26 

2.09 ±0.03 /isecs (Morewitz and Shamos) for Z s; 16. 

Thus a slow decrease of r+ with the decrease of Z, as shown above, 
indicates a low but finite amount of capture probability (~ 10* per sec.) of the 
positives as the Coulomb field decreases (Zs 6). 

Assuming the values of the mean lives of a composite beam of mesons as 
obtained by Bell and Hincks (1952a) at sea level in elements of Z’^S, 4 and 3 
to be respectively a.i2±o.o2, 2.r5±o.oa and 2.2o±o.o2 /Msecs as correct, the 
values of Tu in these elements can be determined assuming a fixed mean life of 
3 <og /usees for the positive mesons. 

In figure i is shown how one can evaluate r_ from the decay curve of the 
composite beam of mesons at sea level. The line labelled 2.20 /usees re- 
presents the composite decay curve of a meson mixture in hi, such that 
altogether 300 particles (arbitrary unit) are available for decay,) out of which 
163 particles are positive (assuming /tt*//»“»i.o6, from the experiments of 

* CottuBonicated by Dr. D. M. Bose. 
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n tee 

l-'ig, I. Decay curve of a composite, positive and negative meson beam in lithium, 

Morewitz and Shamos /»*//*“= i.o6± 0.03). Assuming these positive particles 
to have a mean life of 3.09 fusees in Li, a decay curve (line labelled 2.09 usees) 
has been drawn. By subtraiCtiou, one 'gets the decay curve of the negatives 
alone, yielding a mean Hfe of 2.30 awcs in Li. 

The values of r_ evaluated in this way are shown in Table I. 

Tabi,b I 

Values of r_ for =1.06, r+ = 2.o9±o 03 usees 


Element 

Z 

Zt// 

T. in Msecs 

C 

6 

5-78 

2 16 + 0 06 

Be 

4 

3 03 

2.23i0.06 

Li 

3 

3 

2.3010.06 


It is thus seen from the above table that if the slow decrease of with 
the decrease of Z be real, a higher value of the apparent mean life of the 
negative mesons than that of the positives in the cases of Z^4 is clearly seen. 
The accuracy of the experiments of Morewitz and Shamos (1953), Bell and 
Hincks (1951) and Alvarez et al (1950), as shown above, is quite high and 
the above considerations have led us to the value of 2.30 Msecs. Hence 
a slightly higher value, say 2.35 /isecs has to he taken for the mean life of free 
decay of negative mesons in the absende of matter in order to have a finite 
t^ure probability of the negative muotia lor the Li ahcletis.; In other words, 
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we are led to believe that is probably higher than that of the positives, if 
r+ in elements of Z S: 26 is taken to be equal to 8.22 ±0.02 »secs. 

It is worth mentioning in this c(^nection that Dallaporta (1952) 
attempted, though in a somewhat differei:^ manner, to show that the value of 
is about 2.50 /isecs in the absence m«ter. He extrapolated Wheelers 
(1949) log A versus log /»// curve obtaiiitd from the experimental fwints 
corresponding to 10 ^ Z ^ 29, to lower v^es of Z, assuming the validity of 
the law for Z <10. I 

Now, the capture probabilities of the i|Bgatives in vaiious elements have 
been calculated (Table II) from the relatiof, 

A = i/r_— 

taking r_'^*’’*=2,3S /usees, and the values for Z ^ 6 from Table I. 


Table II 

Values of A for r_ 2. 3 5 Msecs 


z 

Z , n 

T. ia /lAsecs 

Author 

29 

20.6 

o.ii 6 ±o.oo 9 

Kenftel et al (1952) 

26 

I9-S 

0.163 + 0.027 

*» ♦» 

16 

13-7 

o.54±o.i2 

Ticho (1948) 

14 

1J.33 

0 60 ±0.09 

Cathey (1952^ 

13 

11.58 

0.75 ±0.07 

Ticho (1948) 

J 2 

IO.S3 

o.q3±.T.o6 

f» »» 

10 

9.25 

i.28±o 12 

»* ♦» 

8 

756 

1 89 ±0.15 

ft ft 

6 

5-78 

2.16 ±0.06 

1 

4 

3-93 

2.23 ±0.06 

1 See Table I 

3 

3 

2.30±o.c6 

1 


A per sec. 


8.20 ±0.67 XI o'* 

5 71 ±1.02X10® 

1.43 ± 0.41 

I 24 ±0.25x10® 

9.08 ± 0.93 xio^* 
6.20+0.65x10® 
3 56 ±0.73x10® 

1 o4±c.4aXio® 

3.8 fi 3X10* 

2 3±I.2XIO< 

9 . 2 ±I. 2 XI 0 » 


I. figure. ieplott«iA.v.r«»Z«rC.r.eou . double 
and . elreigbr Hue 1 . fitted followiug . Zrf taw lu the reuge 3 ^ „ 

Wbeeler taw of ZA does uot bold good for Z > .9 due to the sbdl strunuK 

0, ttta uuclttta *0.0 b, 

".“Treul 3“ 

fouud to be supported b, the close fit of the .dues of A for Z 6, s «■ 
the Wheeler’s diagram. 
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Fig, a. Plot of Wheeler’s curve with the values shown in Table II. 


The dependence of r. and on the atomic number of the absorbing 
element is shown in figures 3 and 4 respectively. Figure 3 shows that 
increases with the decrease of Z tending to attain a value of about 2.35 fusees 
for Z = o (absence of matter). The value of (figure 4), on the other hand, 
shows a slow increase with Z, tending to reach a saturated limit. This figure 
has, however, been drawn tentatively and with the accumulation of sufficient 
data in future, the values of for other values of Z may not fit the curve 
closely. 



Fig. 3. Plot of T. against 2 , with the values shown la Table II* 
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Ihe variation o£ with Z requires some explanation and the effect may 
be accounted for in either of the following ways ; 

(a) The value of »■+ tends to a value of About 2.05 /isecs as Z tends to zero, 
as seen from figure 4. Now. if one assu.i^s that the value of for lower 
values of Z {Z tending to zero) corresponds |d the mean life of free decay of the 
positive muons, then the increase of r* withfhe increase of Z may be explained 
to be due to the effect of a deceleration! of the mu-positive decay by the 
ouloinb field. Ihe effect of the Coulomb Jeld on the capture of mesons was 
first pointed out by Tomonaga and Araki That the Coulomb field may 



Pig. 4. Plot of T+ against Z. The points correspond to (o) A. 1 varez et al, 1950, (b) 

Morewitz and Shamos 1953. (r) Bell and Hinks, 1951, (d' Biswas and Sinha, 1954. 

accelerate the decay of mu-negatives and that the competition of radiationless 
decay increases as Z’, have been theoretically shown by Kpstein, Pinkelstein 
and Oppenheimer (1948). 

(b) If, on the other hand, one assumes that is the same as ry*’" both 
being equal to 8.35 /asecs, then the saturation limit of r^. in figure 4 should be 
2.35 ftsecs and the positives show a low value of capture probability (~io^ per 
sec) as the value of Z decreases. This means that there is a very low but finite 
amount of probability for the positive muons to penetrate into the nucleus 
when the potential barrier due to the Coulomb field is small and this may be 
significant for lower values of Z (Z < 6). 

Of the two possibilities, the latter seems to be more plausible. In the 
case of negative muons, the acceleration effect on account of the Coulomb field 
has been found to be absent from the experimental evidence and hence its effect 
on the pointlves may not also be present. 
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ON DEPENDENCE OF RESOEX^NG POWER OF PRISM, 
GRATING AND REFLECTlNGlECHELON ON STAGE ’ 
OF RESOLUTION AND DETKTING INSTRUMENT 

By OM PRAKASH SHARMA and m|iHENDRA SINGH SODHA* 

Department of Physics, AiuhabaI University, Ahahabad 
(Received fot publication^arch 20, 1954) 

ABSTRACT. The authors have discussed tl« variation of resolving power of pi ism, 
grating and reflecting echelon with the value cho*n fcr /min//ma» at limiting resolution, 
« hich is characterestic of the stage of resolution deiired and the detecting instrument. 

INTRODUCTION 

Dilchburn (1930,) has pointed out that the resolving power of an 
instrument depends upon the stage of resolution desired and the detecting 
instrument. The stage of resolution and the detecting instrument are 
characterised by the value of C^^JmiolImnx at limiting resolution, where 
7 „iin and I max are the central minimum and maxima of the resultant intensity 
pattern of two lines to be resolved. 

The values of C for three important stages of resolution, distinguished 
by Ditchburn, when the spectrogram is examined by a microphotometer 
are as follows : 

Stage of resolution ... C 

Detection of inhomogeneity in radiation ... 0.98 

Partial resolution (approximate measurement ... 0.8 

of wavelength separation) 

Complete measurement (measurement of ••• 0.4 

wavelength separation and relative intensities) 

This communication discusses the dependence of resolving power of 
prism, grating and reflecting echelon, which is characterestic of the stage of 
resolution desired and the detecting instrument. 


VARIATION OF RESOLVING POWER WITH C 

The intensity pattern of a spectral line after diffraction by a grating is 
given by 


w rj SiaW 

^ sin ‘/3 


(i) 


*Now at Defence Science Laboratory, New Delhi. 



438 


Om P. Sharma and M. S. Sodha 


where N is the number of lines in the grating and 2/3=2)rve-sin i-sin 9) is 
the phase difference between the rays diffracted by two adjacent elements of 
grating, where the symbols have usual meanings. 

The maximum intensity, say Jo, is given by 

and hence equation (i) may be expressed as 

I' _ sin*iVB _sin*a: , 

tT" N*sin*i8~" 

where x—NP and 

Equation ( 2 ) also represents the intensity pattern in case of a prism if 
x=nlv sin 9, the symbols having usual meanings. 

The quantity Ax is proportional to the angle between two close spectral 
lines and therefore we shall use Ax instead of A9 to represent the latter in this 
investigation. 

The intensity distribution of another spectral line separated by an angle 
Aa:=a is given by 

J"_ sin®(a;-a) , . 


The resulting intensity pattern is given by 


JL ss + sin*f j;-a ) 
h .V* (a- a)* 

The central maxima (x^o) and minimum (ac^^a/a) are given by 


(4) 



liMtm j ^ silica \ 

0 * / 

(5) 

and 

/»fn _2 sin’(a/ 2 ) 

Jo (a/2)* 

(6) 


For limiting resolution 



C ~ J mini J mam 

... (7) 


_ 2 sin*(a/ 2 ) /( sin*a 

(a/2)* / \ 

... ( 8 ) 

I f the separation of two lines at limiting resolution is a it can 
that the resolving power R is given by 

be shown 


Raskt^ for a prism 

•v. (gaf 

and 

RehNn fmr'a grating and for a reflecting echeloq, 



where 


k»itfa 


... (qc) 
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Table I gives the variation of k with C obtained by , calculating both C 
and k for some values of a. 


Table 
Variation of 


! 

ft|with C 



m 
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The variation of k with C is illustrated by the graph below : 



The treatment for grating equation (gb) is also applicable to reflecting 
echelon for both have the similar intensity pattern. 

C K N O W L E D G M E N T S 

The authors are grateful to Prof. K. Bancrjee, Dr. K. Majumdar and Shri 
Keshto Chandra Banerji for their kind interest in the investigation. 

REFERENCE 

Ditchbarn, 1930, Proc. Roy. Irish .-Icod., 89 , 58. 



51 


A STUDY OF AIR ABSORPTl|)N OF SOME LIQUIDS 
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IBBTRACT. A study of the air absorption cfcracteristics of some liquids gives on 
idea of the stability, degree of polarity and the Aality of ihe liquids under investigation. 
An empirical relation is also attributed. I 

i 

INTRODUCTION 

It is well known that the gas absorption of insulating liquids is one of 
their important physical properties and it plays a very important role so far as 
iheir electrical properties are concerned. In fact, an ordinary non-degassed 
liquid suffers a huge change iti its physical, chemical and in electrical 
properties when it is subjected to the process of degassing. The gas absorp- 
tion of a particular insulating liquid is an effective agent in determining its 
dielectric strength. Clark (1935) observed that the relation with tempera- 
ture for both air absorption and dielectric strength of an insulating oil were 
similar in nature. He also found that the effect of temperature and pressure 
on the dielectric strength of an insulating liquid is a logarithmic function of 
the relative density of the dissolved gas. In fact the absorbed air within 
an insulating liquid forms gas-pockets J due to insipient discharges dui ing 
an increased voltage stress they form easy seats for ionising centres, thus 
leading to a heavier conduction current and a premature break-down of the 
liquid. The oxygen in the dissolved air has a deleterious effect on the 

chemical structure of the liquid and consequently is responsible for an in- 
creased polarization and power-factor. The electrical conduction in a highly 
refined liquid may be taken as obeying the corresponding laws for gases, and 
Nikuradse (1932) showed that the behaviour of such a liquid in the current 
voltage relation corresponds to that of a gas. Organic liquids have a tendency 
to acquire an increased dielectric constant when bubbled with air, due to the 
polarization of the carbon molecules by oxydation. Sisskind and Kasarnov- 
sky fi937) examined a most interesting relation between electric polarizability, 
dipole moment and solvent power. In fact insulating oUs are graded accord- 
ing to their gas absorptive power for their relative suitability as insulants in 
different service requirements. . ... 

In view of the importance of gas absorption in liquid dielectrics, mves- 
tiaation ct thit property wee undertaken with apecial reference to mania, 
thw oiU, vegetable nila being the centres of interest. When specially refined 
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and processed, vegetable oils are expected to work as good substitute for 
their mineral and synthetic relatives. Properties of some of the vegetable 
oils in raw and unprocessed condition were studied previously l^y Bbatta- 
charya (1936, 1937) and Ghosh (1940). The works of several other inves- 
tigators viz., Paranjpe aiid Deshpande (1934-35), Mahanti and Chakrabarty 
(1942) can be mentioned in this connection. Attempt was here made to 
study the nature of absorption of a few vegetable oils in their refined stages. 
Distilled water and transformer oil were also included in the list for investiga- 
tion, as standards for comparison. The following liquids were used for 
investigation purposes : (i) Distilled water, (2) transformer oil, (3) linseed 

oib (4) groundnut o.l and (5) sesame oil. 

experimental 

\a) Preparation of sample : 

Redistilled conductivity water was used in the present investigation. 
The oils were carefully refined in the laboratory. Firstly a specimen of the 
oil was washed with a definite strength of lye solution and after separating 
the soap it was washed again with a lye of higher strength and the process 
repeated till the acid number was as low as possible. Finally the oil obtained 
was treated with 5% of its weight with Fuller’s earth and sufficient quantity 
of silica gel. All such treatments and washing were performed at an elevated 
temperature of about 50® — 6o®C. The oil was then filtered under fine filter 
paper and its acid number tested as usual with standard KOH solution. The 
sample was then ready for absorption measurement. 

(b) Measurement technique : 

The measuring apparatus was the same as used by Bhattacharya (1936, 
1937) but the technique of measurement was a little modified. The liquid 
under investigation was degassed for four to five hours and as the temperature 
of the liquid was lowered due to degassing, it was kept at rest for some time 
to attain temperature equilibrium. Air was let in and the absorption process 
commenced when the flask was shaken. Throughout the absorption process 
the mercury menisci were always kept to the sara^ level in the manometer 
limbs, so that the pressure of air inside the flask was always constant. The 
experiment was continued for sufficient time so that equilibrium conditions 
were attained regarding absorption. 

RESULTS 

The experimental data are given in Tables I — V. For a comparative 
study absorption of air per c.c. of the liquid was considered and the experi- 
mental temperature and pressure were reduced to N.T.P. Volume per cm. 
of the manometer tube was found to be 0.162861 c.c. and the samples having 
aoid nmnber greater than .0.17 mgm* of KQil/gtp. of oil, were rejected. 
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Table 1. Distilled water 

Experimental conditions : Volume taken,— 70 c.c, temperature -32.8°C, 
initial level —6.0 cm, degassed for 4 hours 

' ! 

oCq = 0.02202. |®=o.3. 


Time interval 
minutes 

Mercury level in 
manometer 
cm. 

Length of mercivy 
column I. 

™ 1 

Absorption per c.c. 
aohs. c.c.) 

Absorption per c.c 
OchI (c c.) 

I 

175 

1' 

" 5 

i 

-0.02389 

0.02121 

3 

175 

11.5 f 

0 02389 

0.02202 

8 

166 

10.6 

0.02202 

0 02202 

12 

16.6 

10.6 

0.02202 

0 02202 

17 

16.SS 

10-55 

0.02192 

0.02202 

22 


10.55 

0.02192 

0.02202 

27 

16.35 


0 02149 

0 02202 

47 

16.35 

J^.35 

0.02149 

0.02202 


Table II. Transformer oil. 


Experimental conditions: Volume taken -49.95 c.c, temperature- 25. 
initial level— 4.65 cm. degassed for 4 hours. 

010 = 0.09428. A=*o.87. 


Time interval, 
mins. 

Mercury level in 
manometer 
cm. 

Length of mercury 
column 
cm. 

Absorption per c.c. 
Oobi. (c.c.) 

Absorption per c.c 
Ooal. (c.c.) 

a. 10 sec 

33 7 

29,05 

0.08678 

0.08654 

3 i» 

35*9 

31.25 

0.09335 

0.09*35 

4.40 

36.0 

3125 

i .09364 

0 09386 

7 * 3 ^^ i» 

36.0 

31.35 

0.09364 

1 0.09426 

10.0 

360 

31.35 

0.09364 

0.09428 

15.0 

36 a 

31.55 

0.09426 

0.09428 

30 

36.2 

31.55 

0.09426 

0.09428 

25 

36.8 

32.15 

0.09^2 

009428 

30 

36.8 

32.15 

*0.09602 

0 09428 

35 

37*3 

32^5 

0.09754 

0 09428 

38 

378 

33 IS 

0.09904 

0.00428 

4^ 

38.0 

33 35 

0.0^3 

0.09428 

50 

389 

34.25 

0.10231 

0 09428 

do 

38.9 

34.25 

0.Z023Z 

0.09428 


39*9 

35*5 

0 10529 

0.09428 

75 

39*9 

1 35-25 

0.Z0529 

0.09428 

& 

39*9 

1 35.25 

0.X0529 

0.09428 


6- 1852P— 9 
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Table III. Sesame oil 

Experitnental conditions Volume taken — 35.5 c.c, temperature — 30.35®C, 
. iuitialleyel — 3, 4cm r degassed for 3 hours 30 mins. 
o(j-o.Ta 833 , A=o. 96 . 


Time 

Mercury level 

I^ength of 

Absorption 

Absorption 

interval 

in manometer * 

mercury column 

per c c. 

per c.c. 

mins/ 

cih. 

1 

cm. 

«obs . c.c. 1 

«oal. c c. 


30-8 

37.4 

0.11319 

0 11319 

5 

34.7 

31*3 

0.1293 

0.12829 

13 

34*7 

31*3 

0 1293 

0.12899 

23 

34.3 

30*9 

0.1276 

0 12899 

33 

34*3 

30.9 

0.1276 

0.12899 

43 

34*3 

30.9 

0,1276 

0.12899 

53 

34 3 

30*9 

0.1276 

0.12899 

60 

34.3 

30.9 

0-1276 

0.12892 

73 

34 9 

31*5 

0.1301 

0.12899 

83 

34*4 

31*0 

0.1280 

0 12899 

93 

34 3 

30.9 

0.1276 

0.12899 

108 

33*8 

30.4 

0.1256 

0.12899 


. Tassle IV. Einseed oil 

Experimental conditions ; Volume taken — 36.7C.C, temperature — 3i.o°C. 

initial level— 4.0 cm, degassed for 5 hours. 
. ao-0.11740 ■ 


Time 

interval 

Mercury level 
in manometer 

lyength of 
mercury column 

Absorption 
per C.C. 

! Absorption 
per C.C. 

minutes.. 

cm. 

cm 

«obi C C. 

0 cal. C.C. 

2 

395 

25*3 

0.10260 

0 10151 

5 

33 4 

29*4 

0.11740 

0 ri66r 

12 

33 4 - 

39 4 

0.11740 

0.11740 , 

*7 

33*4 . 

29.4 . . 

0 1x740 

0.X1740 


33 4 

294 

0.12740 

0.1X740 ; 

4 f- 

33 * 4 , / 

39 4 ; 

0.1x740 

0 11740 


' 

394 

; ' i 


0.XX740, ; 
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Study of Air Absorption of some Liquids 
Tablb V. Groitednut oil 


Experimental Conditions : Volume takent-49.ic.c, temperature — 
initial level — 4.0 cm, degassipd for 4 hours. 

«o =0.08524. I A,= I.52. 


Time 

interval 

Mercury level 
in manometer 

Length of 
mercury colum 

1 

x\bsorption 
per c.c. 

Absorption 
per c c. 

minutes 

cm. 

cm. ; 

1 

fliolis. c.c 

ttcBl. c.c. 

5 

31.0 

27.0 

r 

008196 

0.08209 

10 

32*0 

280 ; 

1 

0.08500 

0.08512 

15 

32.0 

28.0 

0 0S50 ) 

0 08524 

20 . 

32 0 

28.0 


0.08500 

0.08524 

25 

320 

28.0 

0.08500 

0.08524 

35 

32 4 

2S.4 

0.08620 

0 08524 

40 

32.4 

2S.4 

0.08620 

0 08524 

45 

32.4 

28 4 

0.08620 

0 08524 


DISCUSSIONS 


All the liquids under investigation showed a high rate of absorption 
within a period of 2-7 minutes from the beginning and then the rate slowed 
down. Over a long period of air absoiption some of the characteristic curves 
show steady conditions, for sometime while some others show variations. The 
variation of absorption within the period of observation can be accounted for 
by the fact that the net absorption processes, is the result of two different 

absorption factors viz., the absorption of gas by the liquid and the evolution 

of gas from the liquid. 

Now the association of gas and liquid molecules in the absorption process 
is maximum under a favourable condition when the liquid is said to be in 
equilibrium. But the absorption of gas is dependent on several factors, viz., 
depth of liquid, free surface exposed to the gaseous medium, catalyst, if any, 
and the temperature. Since the process is a dynamic one and the temperature 
over a long period is difficult to control, the condition for a steady state is not 
easy to approach. Further there is the chance for the formation of volatile 
gases due to oxidation causing evolution of gas from the liquid. The electro- 
static forces of attraction to form association of molecules in the absorption 
mechanism is sensitive to temperature vaiiation of the system and consequent- 
ly difficulty may arise for the accuracy of attaining an equilibnuni condition. 
The identical nature of the curves indicate that the liquids under investigation 
are stable in character having high ordinates at the beginning. But if high 
ordinate ii reached after sometime. U., if the rate of absorption is slow at the 
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beginning, the liquid can be said to be unstable, for the slow process of 
attaining the high ordinate indicates that both the absorption and evolution of 
gas are going on simultaneously and the more gas is evolved the liquid 
becomes less stable. 

From a study of the nature of the characteristic curves, it can well be 
represented empirically by an equation of the form 

CX = <Xo 

where <x= absorption per c.c. in time t, 

0(0 = maximum absorption. 
i=time in minutes. 

A = a coefficient, characteristic for a particular liquid. 

For certain experimental conditions o<o is constant for a particular liquid, 
while A, determining the quality of the liquid, is also a constant under that 
specified condition. The slope of the characteristic curves for a particular 
liquid is determined by the value of A which indicates the chemical 
condition of the liquid. So values of A for a liquid give information 
of the chemistry and degree of purification of the liquid under investigation. 
Solution of the above equation yields values of A and oto for a particular 
liquid and the calculated values of <x are in close agreement with 
the observed values as shown in the tables. The full line curve and the 
dotted one indicate the experimental and theoretical curves respec- 
tively (see figure i). The discrepancy between the theoretical and 



Fig, I 
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Study of Air Absorption of some Liquids 

experimental curves is attributable to varying experimental conditions within 
the period of observation, the rale of absorption is an exponential function of 
time. One notices from the graph that the absorption of dry air is low for 
distilled water while it is comparatively high for the oils. From the nature 
of the liquids it is evident that water is hi^^ly polar, while the oils being 
highly refined, the degree of polarity of the |nolecules is much low and dry air 
is non-polar in character. Since in the a^orption mechanism some types of 
electrostatic forces come into play to form alsociation of molecules, the degree 
of polarity of the molecules in the two phases influences the absorption 
process. So the nature of the absorption c|aracteristic gives an idea of the 
degree of polarity of the molecules in thepas and also in the liquid and thus 
speaks in a qualitative way about the condi^ns of the liquid and the gas. 
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SYMPOSIUM ON HIGB^ POLYMERS 

(including ruliberB, resins, plaAics and fibres.) 


A symposium on High ]Polymeis incluCng rubbers, resins, plastics 
and fibres, organised by the Physical Cl4mistry Department of the 
Indian Association for the Cultivation Science was held at the 
Association Hall on the 29th and 30th 'March, 1954 , which was 
followed by a three days suminer course onjjfche same subject. Dr. S. S. 
Bhatnagar- had kindly jconsented to inaugDiate the symposium but for 
unavoidable reasons he could not be present on the occasion. Scient- 
ists from different parts of India including Poona, Bombay, Kanpur, 
Digboi (Assam), Delhi and Madras and also from various Industrial 
firms and research institutes including the Imperial Chemical 
Industries, I.J.M.A.B.I., National Bubber Works, Jardine Henderson 
Research Laboratory, Bengal Immunity Beseareh Institute, Bengal 
Tanning Institute, Bengal Chemical and Pharmaceutical Works, 
Shalimar Paints Co. Ltd., Bui'ma Shell Oil Co., Science College, 
College of Engineering & Technology, Jadavpur, Bengal Engineering 
College, Shibpur, National Chemical Laboratory, Poona, Central 
Leather Beseareh Institute, Madras, Assam Oil Co., Digboi, Fuel 
Beseareh Institute, Dhanbad, Indian Standards Institution, Delhi, 
Tata Oil Mills Co., Bombay, All India Plastics Mfg. Association, 
Institute of Sugar Technology, Kanpur, Institute of Bubber Industry, 
Paint Mfg. Association and Central Glass & Ceramic Research Insti- 
tute, attended the symposium to make it a sxiocess. 


Xnanguration 

Prof. Santi R. Palit welcomed the delegates from different parts 
of India and othera present, and Dr. M. N. Saha, F.R.S., inaugurated 
the symposium. Messages of goodwill from Dr. S. S. Bhatnagar and 
Dr.' J. 0. Ohosh were also presented by Dr. Saha in course of his 
inaugui'al Ha referred to the sad demise while working in 
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the Laboratory of Sri Nanigopal Saha, Senior ’Scholar of the depart* 
ment, on the 20th March, 1954; .'.Dtw Saba stressed on the necessity 
of such symposia being held periodically to promote the healthy 
growth of science in our country. A group photograph of the mem- 
bers attending the symposium was then taken. 

29th March, 1954 

Morning Session 

The morning session under the chairmanship of Prof. Santi R. 
Palit was then opened with a lecture on ‘‘Ptdymeric OottsUtttMon of 
Ooal” Dr. A. Lahiri, Director, Fuel Besearch Institute, Dhanbad. 
Dr. Lahiri said that scientific investigations for the last half century 
has shown that coal is a naturally occuring polymer, with structure 
similar to that of cellulose or rubber, the repeat unit tending to be in 
one plane only. He stressed the necessity of investigating coal, 
particularly its solutions by the established techniques of high polymer 
chemistry. Reaction and properties are markedly influenced by 
their colloid structure and cross linking may take place in high 
oxygen containing non-coking coals. Study of the adsorption iso- 
therm of water vapour on coal indicates the presence of a pronounced 
hysterisis loop between sorption-desorption cycles which is an indica- 
tion of a micro-capillary structure of coal. The surface area values 
lie in the range of 20 — 200 sq. m. per gm. of coal, depending on 
rank. X-ray diffraction studies indicate the presence of incipent layer 
plane structure present in coal. With bituminous coal pyrolysis in 
molecular still, action of solvents, mild hydrogenation an^'hiild oxi- 
dation have been carried out which leads to the conclusion that the 
nucleus of this coal is a condensed C, ring structure with occasional 
heterocyclic rings containing oxygen and sulphur. Infra red spectro- 
scopy shows that coal is a gel and that in, the course of metamor- 
phosis from ^e stage of peat to high rank coal Mdth 90% ‘carbon, the 
change is fropa a lyophilic to a lyophobic colloid. 

Following this, Dr. D. Ba&er|M, Batkmfll BsMw WmIei, Adt> 
.▼eMMi a leetore on '*Tlui Bubber Mmn la ct arlBg XnutastiF la DUtta**. 
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He said that Hubber Manufactufing induistry in India is just over 
20 years old and has developed and expanded considerably to which 
much impetus was given by the war. In^orts of rubber goods have 
dwindled and export has gone up. | 

The industry requires about 22,000 tciis of raw rubber annually. 
The main source is Indian plantations \^'hoiB annual output is approxi- 
mately 20,000 tons, the balance being impvted. Other raw materials 
are textiles, carbon-black, sulphur, chenwals, etc.-- Textiles are 
available from indigenous sources while th§ rest are chiefly imported. 

India manufactures various rubber ®ods, of which tyres are 
most important and account for nearly 6'^ of the total raw rubber 
oonsurhption. Recently, rubber manufaoturers have embarked on 
the production of a number of new lines which were hitherto imported. 

Dr. Hanerjee then referred to the research facilities available at 
the Industrial and Government laboratories and gave an account of 
the problems under investigations at present. He also recommended 
various problems of direct benefit to the Industry and made a plea 
for these being investigated at the National Laboratories. 

29th March, 1954 
Afternoon Session 

Under the chairmanship of Dr. S. L. Bafna (N.C.L., Poona), 
the afternoon session started with a lecture on '‘Fibre Science” by 
Dr. D. B. Das (Jardine Henderson Eesearch Laboratories). Dr. Das 
gave a detailed account of the formation and various modem uses 
of fibres. He showed that the properties of fibres are dependent oa 
the length of the chain, and the molecular weight should be at least 
10,000 for making fibres. Attention was given to problems related to 
cotton cellulose, jute fibres, etc., and the structure of fibres was 

discussed. 

The session was then devoted to six papers on plastics. The 

first paper on “Future PowiblUtiee lor the Plaatlc Industry in India” 
WM reildl by Sri T. V. Subba Bao (Tata Oil Mills Oo. Ltd., Bombay), 

who stressed on the need for the expansion of the plastics industry in 
Thot^h it is well recognized, the limitations in the way of 
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this expansion are not so well appreciated. Emphasis has been 
hitherto laid more on the slow* progress of the Indian Chemical Indus- 
try as the main limiting factor in the expansion of the Indian Plastics 
Industry. While this is no doubt true, the very slow progress and 
in some cases, no progress made by way of development of the many 
mechanical and electrical industries that are very closely interlinked 
with the plastics industry for the olFftake of the plastics products 
cannot be ignored. The present position of some of these industries 
and the need for synchronising the development of these chemical, 
mechanical and electrical industries that are interlinked with the 
plastics and allied industries are discussed. 

The second paper on '‘Plastics from MoUassss” was read by 
Dr, S. Mukherjee (Indian Institute of Sugar Technology, Kanpur) who 

said that sugaiT^ane molasses, containing about 50% of si gars on con- 
densation with phenol, creosote and wood tar phenol gives a resin 
which is insoluble in water. This, on mixing with requisite quantities 
of filler, hardening agent and lubricant and on compression mouiding 
gives insoluble and infusible thermo setting plastic. The physical 
and electrical properties of the finished products compare favourably 
iXdth those of phenol-formaldehyde plastics. Of the various composi- 
tions tried, molasses and phenol give the best results. The cheapest 
product was from molasses and wood tar phenol. 

Sri T. V. Subba Bao again read a paper on “A Beview on Plastics 
from Proteins and Lignin”, when he told that the present limitations 
in the development of the synthetic plastics in India for want of some 
of the essential raw materials required for their manufacture, neces- 
sitates a serious consideration of utilisation of some of the indigenous 
natural products for making plastic compositions of practical utility. 
Proteins and lignin are two natural products that are available in 
plenty. Several attempts have been made to make plastic composi- 
tions from these materials only with ^ limited success. A brief 
review of the present position of our understanding about proteins and 
lignin with special refereiice to the various processes suggested for 
their utilisation as plastic compositions wals given. 
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Dr. P. K. Ohaudhuri then presented his paper on ^Thermo- 
jetting Moulding Powder from Agricultural Wastes^', wherein he 
lescribed preparation of a plastic from groundnut shell and sawdust 
by a very simple method. No formald^yde is I’equired and only a 
small percentage of outside phenolic body will convert the shell or 
the sawdust into the moulding powder, jfo special equipment is neces- 
sary for the reaction. The method of fabrication is also very similar 
to that of phenolic resin. The mouldinj^ conditions, tlie curing time, 
temperature etc., are also practically the^same.. The* (uired product is 
unaffected by water and acetoire and ha| a high resistance to tempe- 
rature standing up to a c.ontinuous temperature of without any 

sign of distortion or decomposition. 

The chairman then read out a pajier communicated to the symjio- 
sium, entitled 'Tlastics Industry in India’’ by N. Srinivasan and the 
session closed with the last paper on ’’Standardisation in the field of 
Plastics” read by Sri V. B. Mainkar (Indian Standards Institute 
Delhi). Sri Mainkar discussed the lutsent state of the Plastics 
industry in India and the causes and necessity for their standardiza- 
tion. He referred to the various methods for testing to evolve suit- 
able standards not only for plastics, but also for other commodities 
and to the work done in the Indian Standards Institution for their 
acooptaiiee thi’oughout India. 

30th March, 1954 
Morning Session 

The morning session on 30th March, I9u4 was devoted to the 
reading of papers on Fundamentals of Polymerization. Br. S. 
Mukherjee (T.S.T., Kanpur) was in the chair and Sri E. 0. Majumdar 
opened the session with a paper on ‘'Distribution of Molecular Weight 
of High Polymers”. He gave new equations for the distribution of 
molecular w'eight of High Polymers as affected by chain transfer. 
He has deduced a number of relationships which are iiow' being sub- 
jected to direct exerimental test. 

The second paper on “Determination of Kinetic Constants of 
Polymeiisatidn of vinyl monomers using various Peroxides and 
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AzoblsnitrUes* by Late Nani Oopid Saha, (I.A.O.B., OaleutU 82) 
was read by Sri U. S. Nandi. Two minutes silence was observed in 
honour of late Nani Gopal Saha before reading his paper. The paper 
consists of a thorough study on the kinetics of addition polymeriza- 
tion with nine substituted peroxides and seven azobis nitriles both in 
bulk and in solution of solvents. Most of the catalysts were found 
to be ideal in behaviour and follow the square root law. Substituents 
were i'ound to have marked effect on the initiation and transfer re- 
actions. The nitro substituted dibenzoyl peroxides were found to 
behave abiioiTnally in this connection. 

Prof. Santi E. T'alit then read out the last two papers “Studies 
on Chain Transler" by B. N. Chada and O. S. Misra (Lucknow 
University, Lucknow) and “Studies on Macromolecules’ ' by N. B. 
Shlvarmakrishnan and M. B. A. Bao (Indian Institute of Science, 
Bangalore), sent to be presented at the Symposium. The first paper 
consists of a study on the chain transfer reaction betw'een growing 
styrene (M) polymer radical and toluene (S), when catalysed by 
phenylazotriphenyl methane (B). It has been shown that the trans- 
fer constant from the slope of 1/P against S/M plots at con^stant 
H/M values is not appreciably affected by the presence of low con- 
centrations of the catalyst and initiation reaction was found to be 
bimolecular. 

The other paper consists of a study of spreading properties of 
rubber and its derivatives. Effect of protein content and solvent 
towards the spreading of rubber was studied and it was found that 
the double bond of the isoprene group was responsible for the 
spreading property of rubber. Attention was given to the rate of 
oxidation of rubber films as influenced by the pH and halogens in 
the aqueous substrate. Moreover, the spreading and other physico- 
chemical properties of chlorinated rubber samples were compared. 

Afternoon Sewion 

With Sri K. V. Gopalan (Assam Oil Oo., Digboi) in the chair 
rile afternoon session was devoted to papers on Ion-exchange Besins 
and miscellaneous subjects.' The session was opened with the paper 
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on “High Polymer In Tberaj^" by Ux. S. K. Ganguly (Bengal 
Immunity Beaearch Institute, Oalcutta)| the paper describes some 
preliminary experiments on the use polyvinyl pyrrolidone as 
plasma expander and its examination b|^ih chemically and biologic- 
ally. The purity of the high polymer aiiid the molecular weight as 
also the viscosity, surface tension, specie gravity, of the aqueous 
solution of polyvinyl pyrrolidone for thei^ipeutic use were considered 
in respect of the suitability for intravenoiis transfusum. The product 

was made isotonic with blood with the |idclitiofi of electrolytes and 

'} 

tested biologically for maintenance of bl^d pressure by intravenous 

1 

transfusion in artifically bled experimental animals. 

Dr. S. Mukherjee (Institute of Sugar Technology, Kanpur) then 
read his paper on *‘Ion exchange Resins from Sugars”. He said 
that a number of cation exchange resins from sugars using different 
proportions of sucrose and phenolsulphonic acids at different tempe- 
ratures of condensation was prepared and their properties studied. 
The capacities of the resins were measured by four different methods. 

Dr. S. If. Bafna (N.O.L., Poona) then gave a lecture on **lon 
exchange Resins” ^ in w^hich a comprehensive survey w^as given of the 
various modern uses of both anion and cation exchanges. A short 
history of the phenomenon of ion-exchange in natural earths was dis- 
cussed leading to the discovery of ion-exchange resins. \ttention 
w^as drawm as to how^ the basic principles for the synthesis of cross 
linked polymers are utilized for the synthesis of ion-exchanges. The 
exchanging groups are either already present in the simple molecules 
wdiich are polymerized or are introduced after crossed linked polymer 
is formed by standard methods of organic chemistry, 

Kekt Dr, S. S. Mukherjee (Science College, Calcutta) presented 
a paper on tho use of ion exchange memlnranes as electrodes ih the 
determination of the activities of alkali metals. This is an improve- 
ment on the old clay membranes in which Dr, Mukherjee substituted 
ion exchange clay by synthetic resins thereby improving the accuracy 
and sensitivity of the method considerably. He also suggested some 
possible developments on the preparation of these membranes in 
w^hioh mixture of ions could be determined by proper choice of ^ome 
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fixing components on the resin molecule itself. He reported some 
preliminary results on the determination of sodium in presence of 
calcium. 

The concluding paper on '^Oumg as Poly electrolytes*' was read 
by Dr. Sadhan Basu (I.A.O.S., Oalcutta>32). He said that natural 
gum acid salts like sodium arabate and sodium salt of agar acid 
have been found to behave like synthetic polyelectrolytes like poly 
vinyl pyridinium methyl brrmiide. These assumptions have been 
corroborated by viscometric and osmometric methods. This was as- 
sumed to mean, indirectly, that gum acids are linear chain polymers 
with some branching. 

Dr. P. Dutt, Head of the Organic Chemistry department, 
I.A.C.S., thanked the delegates and others present for taking part 
in the Symposium on behalf of the Association. Sri T. V. Subba 
Rao and Dr. S. L, Rafna on behalf of the delegates thanked in 
return. 

Entertainments 

The Director invited all delegates to an ‘‘At home” held at the 
I.A.C.S. lawn on the 29th March and Prof. Santi R. Pulit entcrtaine.i 
the out-of station delegates and many outstanding local Scientists 
including Dr. J. (’ Ohosh,- Dr. J. N. Mukherjee, Dr. Ashima 
Chatterjee, Prof. Raradananda Chatterjee (Bengal Engineering 
College, Shibpur), Dr. P. R. Sarkar (Director, CVntral Jute Labora- 
tory), Dr. S. Chanda (I.(’.T.) and others at a dinner party in his 
house. 

Summer Course 

A three-day summer course foi; senior workers was availed of by 
five senior men from different laboratories. The latter w’ere given 
the opportunity of preparing a few polymers for -themselves and 
studying their properties. Special emphasis was .given towards 
imparting them an experimental acquaintance with the existing 
methods of determination of molecular weight of high polymers. 

SMliaii Bmu 

Convenor. 
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PULSE SLOPE MODULATIOM-A NEW METHOD OF 
MODULATING VIDEO PUL^S AND ITS POSSIBLE 
APPLICATION ON LINE CIRCUITS 

By JAJNESWAR DAS 
Indian Institute oe TKCHi<ioLO(iY, Kharagpur 

(Received for publication, April 28, 1954) 

Plate XVII 

ABSTRACT. Pulse slope modulation, a new method of modulating video pulses has 
been realised by using a rectangular gating pulse feeding an integrating circuit The 
charging current to the integrating capacity has been made to vary according as the signal 
voltage. Demodulation is performed by differentiating the slope-modulated pulses and by 
passing the resultant modulated pulses through memory circuit and low-pass filter. 

Possible applications of these pulses on line circuits have been studied, and successful 
transmission of these through a 100 mile long open wire circuit has been shown. 

Signal/noise ratio and linearity of modulation have been found to be very satisfactory 
and possibility of a more advantageous time-division multiplex system is indicated. 

I. INTRODUCTION 

The development of the different types of pulse modulation (Flood, 1953) 
like P.A.M., P.D.M., P.P.M., and P. F. M. has been based on the variation 
of particular characteristics of the generated pulses. The rise-time of the 
pulses is one of the important characteristics and an attempt has been made 
to utilise this rise-lime characteristic in developing a new method of pulse 
modulation. 

It is known that on integration of a step function, the slope of the ideally 
integrated function is dependeut on the amplitude of the step function and the 
constants of the integrating circuit. Further, ou differentiation of a linear 
ramp function, the magnitude of the step function, thus generated, is depend- 
ent on the slope of the original function. The above facts have been utilised 
in modulating and demodulating the sampling pulses. A rectangular pulse is 
used as a gating pulse to a constant current charging circuit. Ideally the 
output pulse will have its front edge inclined the slope depending on the 
value of R and C of the charging circuit. The modulating signal is made to 
vary the value of R and hence the slope of the output pulse. 

Demodulation is carried out by differentiating the variable-sloped pulses 
and the resulting variable amplitude pulses are passed through a memory 
circuit and a lowpsss filter to give the original signal voltage. 

Possible application of the slope-modulated video pulses to the line circuit 
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has been studied and it is found that with simple R-C semi-differentiating 
network, good equalisation of loss- frequency distortion, produced in the line, 
is possible. Due to the restricted frequency band-width in lines, trapezoidal 
pulses are used instead of rectangular pulses. 

By using slicing process and narrov/ gate pulses for the differentiated 
amplitude modulated pulses, very high degree of 'noise and interference' 
reduction is attainable by the method. 

2. THEORY O M O D U b A T I O N AN 1) I) I? M O I) U b A T I N 

A. Modulation ' It has been shown that ^figure i) when switch opens 
at time / = o, the current i is given by ^Chance ct al, 1949) 



flG l. CHARGm CfRCUtT 


and the voltage across the condenser is given by, 

and the slope ^ ... (1) 

di c 

and expressed in power series form 

*mfr. 

L 2 ! 3J 

If the time for which the switch remains open is small compared to RC, 
then the charging current will be nearly constant during the charging period, 
and the voltage 

e, =*{ElRC)t 

By using a constant current pentode in place of R, the condenser is charged at 
constant current and hence the equation 

c«== i J idt 

is modified in the form et=htiC when J.* constant current through pentode. 
This is the equation applicable to the modulating circuit used is this system. 

If the modulating voltage A sin ? is made to vary the pentode current /« 
in such a way that 
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h — Im (i + KA sin 9) when 7 „i=penlode current with no modulation, 


then, 

e.= {i + KA sin 9) t 

... (a) 

and the slope 

r=("| {i+KA sin 9) 
dt C ^ 

... (3^ 


= tan 0, [figurela.] 



In equations (2) and (3), although the undulating voltage A sin 9 is a time- 
function of the nature of the time / fer which the switch remains open 
(i.e,, the duration of the sampling pulsej is very small compared to the time 
period of the modulating signal. Hence A sin 9 is taken as constant during 

t 

time t for the definite integral j' idt and the differentiation of the resulting 

6 

sloped edge of the pulse given by equation (3). 

B. Demodulation, 

On differentiation of the voltage Ce, we have the amplitude of the output 
pulse, 

= tan <9 
dt 


szha (i + KA sin 9) 
c 


= B + K' sin 9, when B and K' are constants. 
Therefore, the output pulse has an amplitude variation proportional to 

the modulating signal voltage. 

In the case of R-C differentiation (figure 3) 

Calcc=j<^RCl(i + jioRC) ••• ( 4 ) 

whereas, the ideal differentiator should have 


£2 

Cc 


1 




— (5) 



F/6.3. ff< DIFFlfttNTIATINC 
CtftCUIT- 



FIG. 4 CATHOOe FOLLOt/eF! TYPE 

OIFf£RENTtAT0R 


when ^ represents the complex input waveform. Hence it is necessary 
to tise small values of wRC (^r) to make 
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In the case of cathode follower type of differentiator, (figure 4) when the 
grid voltage rises, the cathode also follows the grid voltage in the same phase 
and hence 

t 

M f 

ec— J idt, where M is a constant. 

ded dt = MilC ... (6) 

This charging current produces a voltage drop at the anode given by. 


eo-Ri- 


M 


dee 

It 


Hence, the output is proportional to the slope of the input pulses. 


3. CIRCUIT TECHNIQUE 

A. Modulation : As the sampling frequency has to be at least twice the 
highest modulating frequency, the pulse repetition frequency is chosen to be 
lokc/s. By the use of square wave generator, differentiating amplifier and 
limiting wave-shaper, a variable width pulse train is generated. The width of 
the pulses is variable from 2 microseconds to 20 microseconds. In the 
particular experiment with the artificial line, 10 microseconds wide pulses are 
used. Figure 5 shows the block schematic of the pulse generator and niodu* 
lator. The conventional circuits have not been described (Chance et al, 1949). 
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9, 
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AMPLIFIER 

ft 

CATHODE P0UOM\ 


f/G.6- block schematic op pulse generator ♦ MODULATOR, 



The slope modulator (figure 6) consists of a gating valve and a charging 
circuit with a constant current pentode. A negative gating pulse is applied 
to the switching valve, which, on being cut off, allows the condenser to be 
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charged through the constant current pentode. A cathode degenerative 
resistance is used to make the charging more linear and to control the 
value of the effective R of the charging circuit. 

The modulating signal is fed through an audio transformer in the cathode 
circuit and the effective variation of the cathode potential ^with respect to the 
grounded grid) changes the value of the charging current and hence the slope 
of the leading edge of the output pulse var^s accordingly. The production of 
slope modulation is also possible with the variation of screen potential or grid 
potential. But the variation of screen potential requires much higher modiila- 
ting voltage and the variation of grid potential produces slight curvature of 
the slope of the leading edge of the pulse. ^ 

The slope modulated pulse is further amplified and passed through a 
cathode follower to produce a low impedance output of the order of 1-50 volts 




fO/JL SEC ^ 

FIG.'7(i>) MODULATED PULSES 


peak. Figure y{a) shows the nature of the unmodulated pulses with the leading 
edges inclined approximately half-way between extreme possible positions. 
Figure 7(b) shows the nature of the modulated pulses and the doited sloping 
edges show the different positions of the leading edge with different modulat- 
ing voltages. 


JIA 







AUDIO 

AMPLIFIER 


FIG. e BLOCH SCHEMATIC OF RECEIVER FOR SLOPE 
modulation, 

B. Demodulation : Figure 8 shows the block schematic of the receiver 
used iu the system. Amplified slope modulated pulses are passed' through the 
sliter circuit for noise reduction and then differentiated to produce amplitude 
modulated pulses. A very narrow gate is used after the A.M. pulse amplifier 






454 


J. t)ai 

to effect further noise reduction. Finally A. M- pulses are detected in tlie 
memory circuit and then passed through'.the necessary low-pass audio filters 

and audio amplifiers. 



Fie. a siiceff ciKCun 



Fie. 11(b). OlfFFFVITinBD AMPUTUOt- 
MOOUtATCD PULSeS. SHOWm AFIKh 
WOe-VAHIATION COimeSPOMJ/MB TO 
TUB SIOPB YAPIATION OB Fie.llW 



F/6.lt(e) SftmiNO A.M PM3BS ON 

SLOW time BAU. 



Fie. 11(d) DBMODULATEO AND DBTBOfff) 
AUDIO SI0MAI OBFONB TUB BmL 
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Many slicer circuits are iu vogue. A simple circuit is shown in figure g. 
Negative and positive bias on the clipper diodes are adjusted depending upon 
the noise level in the circuit. The simple differentiator may be either a 
R-C differentiating amplifier or a cathode follower type differentiator as shown 
in figure lo. In both the cases the product R C is very small, as explained in 
the theory (Section 2). 

The gate-pulse can be applied to the ijexl amplifier to select only the 
A.M. pulses and stop the spurious nois| in between the pulses. Nature of 
the differentiated pulses and the audio output from the memory circuit are 
shown in figure 1 1 . The process of the ccimplete detection of the information 
signal is evident and the reproduction is se|n to be fairly faithful. 

4. A I> P L I C A T I O N ON Iv I N E CIRCUITS 

A. Fourier analysis and frequency band-width-. The generated pulses 
with considerable rise-time may be considered as trapezoidal pulses and their 
amplitude spectrum can be calculated by Fourier analysis. Figure 12 shows a 



FIG. It thapezoidal pulses. 


symmetrical trapezoidid pulse with repetition frequency ~ilTo, pulse duration 
= ri, rise-time = T,/ 4 , and peak voltage = E. 

The amplitude of the nth harmonic is given by Cherry (1949) 


„ = 4ET0 , 


itnTi 

cos - 

* 0 


2T 



COS 


nn/io — coSTTw/ 20 


where To/Tj- lo, repetition frequency == lo kc/s, pulse duration =io /* sec. 
The energy of the nth harmonic is given by 




4 rf (cos nn/io-cos irn/' 2 o) 


Table I gives the values of [(cos nn/io) - (cos nn/2o>]/n* proportional to 
An and the values of [{(cos nn/io) — (cos >r»/ao)}/n*]* proportional to the 
energy of the wth harmonic. 
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Tarlb I 


No. of the 
harmonics 

Amplitude of the nth harmonic 
' / cos vn h''.-' cos irn /20 \ 

( ' ' 1 

ergy of the nth harmonic 
cos Trn/io-cos irw/20 \ 

- } 

! V / 

1st 

1 

j - 0366 

.001340 

2 lid 

-•0355 

.00126 

3rd 

- 0337 

.001 136 

4th 

-03125 

.0009765 

5th 

- 0283 

.000800Q 

61 h 

-.0249 

.00062 

7th 

-.C21125 

•9004515 

8th 

- 0175 

.0003065 

gt\i 

-•0133 

.0001769 

loth 

— .01 

.0001 

nth 

- .00657 

.00004316 

i2th 

-.00347 

.000c I 204 

13th 

— .00079 

.0000006241 

14th 

— .0014 

.00000196 

15th 

-f .0034 

.oooi>ii56 

i6th 

4 -.C 044 

.00001936 

1 7th 

+ 0051 

.00002601 

l8th' 

H- 0054 

.00002916 

19th 

+ .0054 

.C0002916 

2< th 

+ .0052 

.000006 ;'5 


Figure 13 shows the graphical relation between the «th harmonics and their 
energy content. 


It is seen that the energy of the 12th harmonic (equal to 120 kc/s) is 
less than 1% of that of the fundamental and the energy of the i8th and 19th 
harmonics (corresponding to 180 kc/s and 190 kc/s) is about 2% of that of 
the fundamental. It is clear that the band width required for these pulses 
is only 120 kc/s for average transmission and 200 kc/s foe fajthful 
transmission. 

The characteristics of an open-wire line are such that their loss-frequency 
relation is parabolic in nature between 10 kc/s and 300 kc/s., the loss being 
giv^ by, 


« = yl + 



V / b la ^ 
b ' iog bla.j 



das 


PLATE XVII 





(fl Unmodulated transmitted pulses, (ii) Modulated transmitted pulses. The thickness of the 
5=tarting edges is due to modulation. (Hi) Unmodulated received amplified pulses after passage 
through the artificial line, (iv) Received modulated pulses. Thickness of the starting edge 
due to modulation, (v) DiflPerentiated pulses on a slow time-base showing the amplitude 
tiiodulation. (vi) Differentiated pulses. Thickness of the positive pulses is due to the varia- 
tion of the pulse amplitudes due to modulation. (pH) Demodulated audio signal before the 
iinal filter circuit, (viii) Modulating audio signal (1 kc/s ). 
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and is proportional to s/ /, where fe = constant, /^frequency, b/a“ntio of, 
diameter and spacing of wires, and /Inconstant. 



It is easy to construct a compensating network for losses of this nature 
and the line equipments working at frequencies upto 140 kc/s are in use. 
It is, therefore, reasonable to expect that transmission of 10 microseconds 
video pulses in open-wire line circuit will be possible and the distortion in the 
frequency band 10 kc/s to 120 kc/s , as required by the system, can easily 
be compensated by suitable networks. 

B. Tests with Artificial Line 

Pulse communication systems are now well established in the U. H. F, 
and microwave bands. But very little work (Moss and Park, 1947) been 
done to find out the possibilities of pulse applications on line circuits. As 
seen from the Fourier analysis, a comparatively wide pulse of trapezoidal 
shape requires much lesser band-width than the rectangular pulses usually 
used in the microwave pulse communication system. It is expected that 
even with greater bandwidth requirements than the current^ carrier 
equipments, more efficient system of ‘line communication equipment can be 

devised on the principles stated in this paper. 

In order to study experimentally the response of the video pulses in lines, 
a number of constant resistance L-type net-works with inverse arms were 
constructed and connected in tendem to simulate the loss characteristics of a 


a— tSsaP— I o 
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loo-tnile long open-wire line (of la in. spacing 300 Ib. copper-wire). The 
actual characteristic as measured, is shown in figure 14. The curve represents 


j 4 





^4 


hSr 


i 

I 




•Sdr 



oL, L J V - 

to too lOOO fOOOO lOOOOO 

-^rAeaufNcr m c/s 

Fifi. 14. Characteristics of the artificial line Zo = 6oo n 

the loss characteristic of an actual line very fairly. The impedance of the 
artificial line varied between 500 and 600 ohms within the measured frequency 
band. 

The nature of the received pulses are shown in figure 15(a). It is 
apparent that the line has a sort of integrating effect on the shape of the 

Ff6. /5(a). NATURE OF THE RECFtViO 
PULSES (UNEQUAL/SED) 



F/S /3(b). EQUAL/SEO //ECEfVED 
PULSES. 

pulses and they are slightly widened. But the pulses are not beyond 
recognition and the slope charncteristic persists without any evident 
distortion. 

The problem of equalisation has been successfully dealt with much 
simpler networks than are used in the current line communication equipments. 
It is only necessary to use a simple R-C semi-differentiating network to 
re-shape the partially integrated pulses (figure 15(6). 
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The circuit arrangement for equalisation is shown in figure i 6 . The 
value of RC is dependent on the amount of distortion produced in the line. 
To compensate for the seasonal and climatic variation of line characteristics, 

A A A 


rRAMSMfTm\ 


t) 



EQUIVAUIS7 LINE . EQUALISER 

fl6 IS. EQUALISER cmcUlT 


PULSE 

RECEIVER 


a bias-controlled pentode can be used as the resistance component of the 
R-C equalising network. The grid-biat of the pentode may be varied 
automatically in synchronism with the variable line loss and hence the 
effective resistance will vary synchronously. 

A time division multiplex system suitable for the line circuits can be 
evolved on the basis of this promising result and our existing knowledge 
of similar systems. The work is in progress to produce a specific equipment 
which can replace some of the present carrier current equipment with better 
advantage. The long distance signalling can be accomplished either by 
suppressing the pulses during ringing or usual tone signalling can be 
utilized. 

The loss in average signal level, as measured by a wide-band average 
detector type levelineter, is 19.5 bd. This is the approximate loss of 100 kc/s 
signals on a similar loo-mile open-wire circuit. 


4 . performance 

A. hi terference and Noise ’ Types of interference and noise in a pulse 
communication system may be classified as below: 

(a) Amplitude modulation of the base line and the top line of the 
pulse train by the interfering signal (A. M. or F. M. or 
P. M.). 

ih) Partial cancellation of the pulses due to overlapping interfering 
pulses received in phase opposition. 

(c) Spurious time-shifts of the pulse edges due to the overlapping 
pulse envelope of an interfering station. 
id) Random fluctuation noise, generally in the nature of random 
pulses on the base and top line of the signal pulses. 

Analysis of the effects of the above in the slope modulated system is 
similar to the analysis of P. D. M. and P. P. M. as done by Kretzmer, (1950), 

except in the case of time-shift effect. 

The main key to the noise reducing property of pulse modulation is the 
slicing process. Both theory and experiments show that the optimum value 
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of the slicing level is half the peak signal voltage, taking all types of 
interference and noise into consideration. Further, for maximum signal /noise 
ratio in the output, the thickness of the slice of the puls^ should not 
exceed a few per cent of the pulse height and the width of the gating pulse 
should be as small as possible. The resultant ideal signal level is 6 db 
above the noise level for perfect noise-free reception. 

In case of slope modulation, this ideal cannot be reached even theoreti- 
cally. To obtain the information back, an appreciable percentage of the 
pulse height is to be sliced as the leading edge of the pulse slice has to be 
differentiated. It is found that the thickness of the slice should be about 



20 % of the pulse height for efficient diffcTentiation (figure 17). Hence the 
slicing level is at 40 % of the pulse height and the allowable signal/noise 
ratio— 8 db for noise-free reception. 

With respect to the time-shift effect it is seen that the resultant noise 
should be very small as the output information is dependent not on the 
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position of the leading edge of the pulses as in P. D. M., but on the slope. 

■ All the other three types of interference have to be dealt with by cflBcient 
sltcing and faithful differentiation of the slope. 

; Production of spurious signal (pulses) at the output of the sheer- when 

.the noise level is above the slicing level, can be nullified by using a narrow 

gating pulse in the amplifier after the differentiator, so that only the 
information carrying differentiated narrow pulses conesponding to the leading 
edge of the transmitted pulses are selected and further amplified and 
demodulated (figure i8). This process wjn effectively bring the performance 
of the system similar to those using nairovp pulses, although here considerably 
wider pulses are transmitted. 

B. Modulation Characteristics. 

Linearity of modulation with different input levels has been studied and 
it is found that the input/output characteristic is linear over a range of 
35 db as shown in figure 19. The level of audio iuput at the modulator and 
the level of audio output at the demodulated audio amplifier have been 



F/G 19 INPUr/Ol/TPUT CNARACTfR/STtC 
OF MODULATION 

measured. The curve shows satuiation after 4'5db input and this is the 
point where further slope variation of the trapezoidal pulse decreases the 
amplitude of the triangular pulse formed on maximum positive modulation. 
However, the linearity seen in the graph is enough to accommodate the level 
variation in average audio channels of a telephone circuit (approximately 
30 db), 

5. DIvSCUSSION 

Although the performance of this slope modulation is similar to that of 
P. D. M. and P. P. M. (Kretzmer, 1950 and Earp, 1948J and much better 
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than P. A. M., the space occupied by each channel pulses on a time division 
multiplex scheme remains the same with and without modulation. Using 
pulses of equal duration, slope modulated system will provide more channels 
than P. D. M. and P. P. M. Conversely, for the same number of required 
channels wider pulses can be used in slope modulation and hence lesser 
band-width is required for faithful transmission. It may become difficult in 
producing slope modulation in extremely narrow pulses, but slope modulation 
of pulses of the order of two microseconds and above, as used in microwave 
pulse communication equipment, is easily done with simple circuit technique. 

Considering the overall circuit technique involved in transmission and 
reception of slope modulated signals, it is seen to be simpler than P. P. M. 
and is equally simple as P. D. M. and P. A. M. In its application in line 
circuits, equalisation is very simple and the conversion of four-wire circuit to 
two-wire working may be easily done by adequate gate pulses incorporated in 
the receiver. 

The system has further advantage that due to its complexity in 
demodulation, it will maintain more secrecy than P. D. M. and P. A. M. 
and offers a suitable application as mobile sets behind the front line for 
defence purposes. 

It is further estimated that a slope modulated time-division multiplex 
system providing two or four channels will compare very favourably with 
the existing carrier equipments in respect of performance, simplicity, 
maintenance and cost. 
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FORCE CONSTANTS FOR METHYL CYANIDE AND 
METHYL ISOCVaNIDE * 
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V 

ABSTRACT. Force con.stants have been detennined for methvl cyanide and niethy 
isocyanide asing the WiLson I'-(t matrix metliod. The C'N stretching force constant changes 
from 17.98 for CHjCNto itfT CH)NC, the CC stretching force const.int changes from 
5.131 for CH^CN to 5.321 for CNjNC, the Ct'N bending force constant changes from 0.1237 
for CHjCN to 0.07731 for CHiVC while the force constants of the methyl group remain 
very nearly the same for the two molecules. 


I N T R O D n C T 1 O N 

The infrared spectra of methj'l cyanide and methyl isocyanide in the 
vapour state have been recently investigated and accurate values of the funda 
mental frequencies are reported by Thompson and Williams figsa). The sets of 
force constants determined by Linnett (1940) and Crawford and Brinkley (1911) 
using a valency type force field, reproduce the frequencies which are only in 
rough agreement with the recent values, although they compare well with the 
earlier values of the liquid state. So it was thought desirable to redetermine 
the force constants. Further, more accurate data about the bond-lengths 
and iiiterbond angles are now available from the work of Kessler and others 
(1950) who have investigated the microwave spectra of CHsCN, CHjNC and 
their isotopic species. These are employed in the calculations and new sets 
of force constants are obtained which reproduce the observed frequencies 
accurately. 


NORMAL COORDINATE TREATMENT 

A normal coordinate treatment is carried out using the F-G matrix 
method developed by Wilson (ig.tQ. The two molecules belong to 

the C,® point group. Of the twelve fundamentals of each of the molecules, 
four belong to the totally symmetric type and four belong to the doubly 
degenerate £ type vibrations. 

The internal coordinates are represented in figure i where iv2 represent 
N and C atoms in the case of CHjCN, and C and N atoms in the case of 

* Commnnicated by Prof K. R. Rao 



464 


S. L. N. G. Krishnamachari 



Fig. 1 


CH 3 NC. From these internal coordinates, the following ortho-normal 
symmetry coordinates are formed for the two molecules : 

F'or the Ai type vibrations, 

i?3=AX, i?3=AD, R, = (Ad,+Ad^ + Ad,)/\'3 

(Aa,j + Aa,s + AoCj., - A/3, - A^j - A^sJ / V 6 

For the E type vibrations, 

R,a=(2Adi-Ad3-Ad,)/V6 /?,j*(Ad3-Ad,)/V2 

R3a=(2A,8,-A/33-Afl3)/V6“ i?,6=(A/33-A/33)/>/7 

^2A<X2j A<y.j2 ~ A<x,3) / V 6 Fjj = {Ao(jj~'A(x,2}/ V 2 

Rta^^ya R4b = Ayi, 

The following potential energy function has been used in the calculations : 

2 F=/x(AX)’ +/d (AD)* + MfAd,)= + (Ad^)* + (Ad,)^} 

+ 2/xd(AX)(AD) + 2/d(i{Adi.Ad2-l- Adx.Adj 4 Adj.Ad,} 

-h d7.{(A«„)» -t (A<x. 2)* -f- (A«23)n + dV/s{(A/8,)* + (A/Sx)* + (AA,)1 
-t- D%{{Ayar + (Awl + 2/n.dJAD)^Adi2 + Aa,, 4- A«.,l} 

+ 2/./3d*{A/3,fAa„+A«,3) + A/32(AoC2, + Aa„) + A;e,^A«„-tA«2,)} 

+ 2fDfid{AD{A^4 + A^2 + 

From the potential energy matrix and the matrix formed from the coeflScients 
of the internal coordinates- as obtained from the symmetry coordinates, the 
following F matrices are obtained for the two molecules, . 
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The G matricee are obtained fiom the relations giv#i by Wijson. 
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-^V«+y “Vo -al' 

n^e*+jUp(2b>+eS+2bc) 

[Mo (6’+ «*)+#<;;( 6 +<) ] 

Git=Gii 

Herea=*i/d. b=i/Dand i — ilX. 

The bond distances (Kessler and others) and the reciprocals of masses used 
in the calculations are 

CH,NC 

1.034 A.U. /*H =59.75 lo” 

1,427 „ /ic.»5.oi48xio”gm. ‘ 

1.167 „ ju.v=4.30o5Xio”gm.-‘ 

* Fot those elements which differ for the two motecnies, the two valneis are given; 
the mAracketted ones corresponding to CH,CN and the bracketted ones to CHjNC. The 
other elements are common for the two molecules.) 

J— i8S»P^» 


CHjCN 
(i«e 1.092 A.U. 
D— 1,460 „ 
1.158 „ 
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With these and the force constants given in the fourth column of Table 7 
the following secular equations are obtained. 

CHaCN 

Ai type vibrations. 

5-9405 ^ io“® sec'®.X’ + 1.0815 ^ ro’® sec ‘.A® -6.6920 x lo’® sec“*.A 

+ 1.1870 X io“* sec~*=o. 

E type vibrations, 

A^-4.4055 X 10*® sec’‘^A•'’ ^-4.1519 X 10'" sec'“^.A®- 1.1112 x lo®^ sec‘“*.A 

+ 4.2990 X 10“^ sec^^ — o. 

CH3CN 

type vibrations, 

A'‘-5.8o 93 X 10®® sec* *.A'’ + 1.0506 x 10'^*’ sec^^.A^*- 6.3761 x 10“^ sec *.A 

+ 1.1625 X 10^^® sec’'®j=o 

E type vibrations, 

A^- 4.3980 X 10^® sec'"®.A® + 4.0793 X 10’'® sec-**. A® ~ 1.0380 x 10*^ sec"'®.A 

+ 2.4180 X 10”® sec'“® = o 

The roots of these secular equations are obtained by Dandelin’s root 
squaring method (Whittaker, 1948). The frequencies that are obtained from 
the roots of these equations are given in the fourth column of Table II. 
All the force constants derived by Linnett, Crawford and Brinkley ;are 
also given in the Table for the sake of comparison. 

Table I 

Force constants. (10® dynes/cm.) 


Force 

constant 

Crawford’s 

values 

CH3CN 

Linnett’s 

CH3CN 

values 

CH3NC 

Present values 

CHsCN CH3NC 

ix 

17.727 

17-50 

16 30 

1798 

1S43 

/x> 

4.94 

5-30 

5 ' 4 S 

5 131 

5-322 

n 

0.22 


... 

0.4706 

0.4706* 

U 

4.79 

50 

5-0 

4-937 

4.958 

fid 

j 

... 

... 

1 0.105 

0 no 

U 

0 46 

0.487 

0 522 1 

0.454 

0.461 


0.5s 

0.685 

0.681 , j 

t 

0.5705 , 

1 

0.5705 

Up 

0 01 

1 


1 0.0129 

0.0129* 

fDa-/Dj8 

—0.24 

e 

/Da 0.51 

'^0.34 

— 0.26X9 

— 0 2619 


O.IS 5 

0.32 

0 205 

0.1337 

0.07731 


♦ Taken from methyl acetylene (Meister, 1948) 





467 


Force Constants for Methyl Cyanide, etc. 
Tabi.e II 

F requencies (cm"" ^ i 


Crawford’s 

values 

CH3CN 

Liiiiiett’s values 
CH3CN CH3NC 

Present calculations ! 
Crij^N CHjNC i 

observed frequencies 
CHjCN CH3NC 

902 

918 

928 

92 *f> 

947 

920 

945 

1396 

1370 

1413 

144 

1409 

1400 

1410 

2251 

2259 

2167 

22^ 

2163 

2267 

2166 

2905 

2949 

2948 

294 

2970 

2965 

2966 

37 « 

37 ^ 

292 

3^ 

270 

361 

270 

1036 

1040 

1042 

loii' 

1041 

1041 

1041 

E 

147s 

1417 

1435 

1458 

1456 

1454 

1459 

302s 

3076 

3 u 77 

3014 

3020 

3009 

3014 


I)I vSCUSSION 


As is seen from the last column of Table I the CN stretching force 
constant changes from 17.98 for CH3CN to 16.43 for CH3NC which is in 
conformity with the increase of the bond distance from T.158 A.U, for 
CHsCN to 1.167 A.U. for CH3NC. Also the CCN bending force constant 
changes from 0.1237 for CH3CN to 0.07731 for CH3NC. When the calcula- 
tions are made for CH3NC using the same force constants for the methyl 
group as those determined for CH3CN', slight discrepancies were observed, 
so the transferred force constants of the methyl group are slightly altered so 
as to get the best possible agreement between the calculated and observed 
frequencies. 1 he calculations also revealed that such a high value as 
1130 cnr^ for Vj for CH3NC as reported by Thompson and Williams could 
not be obtained without highly distorting the force constants of the methyl 
group. These calculations favour a value of 1041 cm”^ for Vy. It is interesting 
to note that for methyl isocyanate (Eyster and Gillette, 1940) there are two 
bands in the region 1T00-1195 cm”^. These bauds correspond to the rocking 
frequencies of the methyl group and so would have a fine structure similar 
to that of vy of CH3NC. 
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ABSTRACT. The r 61 e of Hulbert-Hirschfelder potential energy expies.sion to predict 
the most probable transitions in vibrational levels has been examined in relation to the 
expressions of Morse and Rydberg These predictions have been critically discussed 
in the light of the results of the theoretical treatments of Hutchisson. Pillow, Bates and 
Wyller and results of precise experimental observations. 

Of the various expressions available for representing the potential 
energy of a diatomic molecule, perhaps the Hulbert-Hirschfelder function 
(1941) is the one which has been rarely used. Though Morse’s (1929) 
expression is, by far, the most commonly employed, Gaydon (1947) has 
indicated some superior properties of Hulbert-Hirschfelder ’s expression 
while discussing critically the subject of potential energy curves of diatomic 
molecules. This point has been examined in this paper with the help of 
accurate data of the transition probabilities obtained in our experiments on 
C»(Swan) bands in under-glycerine spark and the calculated theoretical data 
of exact mathematical treatments. 

The Hulbert-Hirschfelder (H*H) expression r/fr)=De[(i-e”*)* + 
cjc*e**(i + b*)] uses the five experimentally determined constants 
B«, Dt, x,ioe and a in the quantities x, c, b for evaluation of the potential 
energy. The constants are readily obtainable from band analysis. By 
the use of them in the above expression, potential energy curves have been 
derived for Cj (Swan) system and they have been studied side by side with 
those of Morse (1929) and Rydberg (1931). The expected parabolic 
distribution obtained from all these by graphical method is recorded in 
Table I in terms of the bands occuring at the locus of the maxima and it is 
shown along with the similar calculated distribution, resulting from the 
more rigorous wave mechanical treatments of Hutchisson (1930), 
Pillow (1953), Bates (1949) and Wyller as quoted by McKellar and 
Qimenhaga (1952). 

• The experimental work on this problem was carried out and completed at the 
Spectroscopic Uboratories of the Institute of Science, Bombay, during the years I947-49. 
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Tabi^e I 

Bauds on parabolic locus 


^mae ^fmax 


Graphical method 

Exact mathematical treatments 

Experimental 

Morse 

i 

Kydberg 

H-H 

Hutch issoti 

1 

Pillow 

Wyller 

Bates 

Author 

1,0 

1,0 

1,0 

J.i 

I, I 

I, I 

I, I 

1,0 



2,0 ] 






2,1 

2,1 

1 

3.1 ) 

2,1 

2,1 

2,1 

3,1 

2,1 

3 « 


3.1 

3,2 

1 

3,2 

3 2 

3,2 

3.2 


TAm,E I (continued) 
r»n»M ^fmin 


Graphical method 

h'xnct mathematical treatment 

Experimental 

Morse 

Rydberg 

H-H 

1 

Hulchis«oij j 

1 

Pillou 

Wyller 

Bates 

Author 

0,1 

! 0,1 

0,1 




••• 

0,1 


1 

1,3 1 






1,3 1 

j 

1,2 

1,4 J 

1,2 

I, I 



1,2 

2,5 

2,3 

2,5 

2,3 

2,3 

2.3 


2,3 

3.6 






3.3 \ 

3,4 1 

3,4 

3,7 

3,4 

34 

3,4 

3.J 

3,5 1 



The quantitative intensity data on C2 (Swan) bands as obtained from 
our experiments on under-glycerine spaik has been brought to bear on. the 
results of (i) purely graphical and of (2) exact mathematical derivations 
to study the limits of applicability of Hulbert-Hirschfelder expression. 
The comparison shows that experimental distribution is more in accord with 
exact mathematical derivations than with graphical distributions in both the 
branches of the curves. Among the latter distributions, the one resulting 
from Hulbert-Hirschfelder expression shows comparatively inferior agree- 
ment to that given by Morse’s or Rydberg’s, the last showing comparatively 
the best performance of the three. There is, however, very little to choose 






Study of Hulbert-'Hirschfeld^t U(r) Function^ etc. 471 

between Morse s and Hulbert-Hirschfelder's expressions, the former being 
only about a shade better than the other, even though the Hulbert- 
Hirschfelder expression is supposed to be an improvement over Morse’s. 
The disparity noticed is in the transitions jbelonging to branch, 

the Tf^asir side being more or less i^ close fit with experimental as well 

as exact mathematical deductions. It ha^ thus been concluded from the 
present results that the applicability of t|^e Kulbert -Hirschfelder expression 
IS limited to the region of the internuclea| distances r>r<, i.e. for positive 
values of ^ [ = (r-“rj/r«]. Recent experin^ntal results of Tawde and Laud 
(1954) also confirm this aspet. f 

The relatively poorer performance o| Htilljcrt-Hirschfeldcr expression 
on the whole, may probably be traced td the fact that this expression is 
actually a correction of three-parameter ^ Morse function by the use of two 
more constants. The greater flexibility and accuracy sought to be achieved 
by the introduction of these constants seems to be vitiated by the use of 
the same quantities a, and in the expression as those of Dunham 
(1932). These are only approximate owing to the W. K. B. method used 
for solution of the wave equation. As a result of these approximations, the 
Hulbert-Hirschfelder expression probably inherits some of the defects of 
Dunham’s function. One such defect is the occurrence of appreciable errors 
in the case of molecules, having nearly equal atomic masses i.e., symmetric 
molecules like Ha, Ca, Na, etc. It is likely that such molecules show 
increasing errors with increasing masses of constituent atoms. For, it has 
been showm already that small cori'^cting terms are necessary in Dunham's 
constants for Ha molecule, whereas, only a negligible correction is required 
for hydrides in which there is larger mass asymmetry in the component 
atoms. 

The Ca molecule examined here occurs next to Ha in the above series, 
and the disparities noticed in the Swan system of it due to working of 
Hulbert-Hirschfelder expression, appear to be a consequence of the above 
reasoning. This point needs further confirmation by studying the case of Na 
in the light of this expression. 

What seems to be actually effective, however, in the Hulbert- 
Hirschfelder expression is the introduction and use of anharmonic quantity, 
which, by properly correcting the errors expected at large values of 
internuclear distance explains the comparatively superior agreement 

in transitions of tmax — branch. Probably the relatively greater disparity 
seen in the range of negative values, of {1 — r«) i.e, for tmin branch is the 

result of exaggerated correction brought about by the combined effect of 
convergent powder series and the anharmonic constant 

In view cf these findings on the study of Hulbert-Hirschfelder expres- 
iioii, it will be interesting to see how far the different potential energy 
expressions which have been proposed but not given adequate trial, come up to 
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expectation of even semi-quantitative approximations of theories and with 
more exact intensity data of experiments, so as to be a useful guide in the 
band spectrum analysis. 
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ABSTRACT* The paper discusses the prob|fcm of tTie synthesis of a linear network 
for a specified time response. Two methods, the jtnoincnt generating function method and 
the time series method, are presented. In the former, the generating function of the 
transfer iminitance is found on the basis of moment approximation, and in the latter, the 
free modes of the system are dcterniiued from the spectrum cr from the regressive 
equation of the time series of the waveform. It is .shown that the methods presented 
give physically realisable network structures under quite general conditions. Thiee 
examples are considered to illustrate the procedure. 


INTRODUCTION 

A linear network can be specified either by its frequency response or 
by its waveform response to any standard input. In the past one was 
generally concerned with the frequency response of a network, and as such, 
one’s task was to design the network for a prescribed frequency response. 
Modern communication techniques, e.g. radar, servo-mechanisms, pulse 
modulation system etc., are, however, concerned more directly with the 
waveform response. Further, one is also required to generate special 
waveforms, for example, the normal error pulse shape which is known to be 
the blest pulse shape for detection of weak signals. 6uch demands have 
caused the attention to be directed to the problem of systhesis of networks 

with a prescribed waveform or time response. 

The problem of synthesizing a network having a specified time response 
involves, firstly, the choice of a proper basis of approximation and, secondly, 
obtaining the approximate network function in a physically realisable form. 
For the former some criterion of goodness of approximation has to be applied 
and those generally used are the least squre deviation and the Tschobycheff 
approximation. 

Several methods of synthesizing a network for a specified time respond 

are reported in the literature on the subject. Much work, lowever, s i 
remains to be done before a general solution of the problem is o • 

The present paper aims at making some contributions to the solution of the 

problem by suggesting extensions of and possible alternatives to t e exis i g 
methods of attack. The methods that will be describe ere are, a 
* Comomnicated by Prof. S. K. Mitra. 

4--i8saP~io 



474 


N. B. Chakraharty 

moment generating fnnction method and (b) the time series method. In 
the first method one identifies the coefficients of the power series of the 
transfer immitance with the moments of the time function. The power 
series is assumed to be a recurrent one and its generating function is then 
found. A simple algebraic procedure is then shown to give the network 
function. The application of the method isi however, restricted to cases 
where the time function is inonotonic. In the second method the free modes 
of the network arc determined from the characteristics of the time series. 
For this purpose one forms the periodogram or the correlogram, or constructs 
the autoregression equation. Then, with the estimates of the location 
of the poles of the network, one selects the zeros for least square 
approximation to the given time function. 

Before going into the suggested methods give a brief summary 
of the principal works in the field . 


SUMMARY OP PREVIOUS WORK 


As usual, we define the transfer immitance gip) as 


g'p)- 


LfU) 

LS(l) 


ii) 


where LS(t) and LfU) are Laplace transforms of the input S(t) and output 
fit) respectively. In what follows S(t), unless otherwise stated, will deuo'e 
Dirac’s 8 function, so that fU) becomes the weighting function Wit) specifying 
gip). The practical problem now is to find a physically realisable network 
function which approximates so closely to gtp) as to render 


w 

£/- {L-H^ip)-gip)\*dt 


...(a) 


a minimum, L"* meaning the inverse Laplace transform. 

Now, in order that Mp) be the transfer immitance of a finite network 
with lumped constants it must be of the form 




ibrP^ 


. d^ip) 

Dip) 


... (3) 


where Nip) and Dip) are rational polynomials in p satisfying the following 
conditions : 

(a) the coeflScients of Nip) and Dip) are all real, 

(h) the zeros of Dip) cannot lie in the right half ^>-plane, 

(c) degree of Nip) cannot be higher than that of Dip). 

Airgrain and Williams (1949a) have suggested a method resting on the 

A'i 

minimisation of the integral (3). Writing one forms the 

p T* 

rQTStem of equations 

W 


W 
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solutions of which give as and As. Airgrain and Williams, (1949a) have 
also extended the method by employing the I^guerre series expansion 
of any time function. 

Thomson (1952) has adopted the method of moments for finding the 
approximate network function. He takes a special Hurwitz x^olynoinial 
as the denominator and then finds the nnn^rator polynomial. 

Another method (Nadler, 1949). usefi^ for realising the input impedance 
function employs the continued fraction |xpansion of the Poisson-Stieltjes 
iutegral, > 

« f 

g{p) = pC+ f , where d^x)^Re dx, 

^ ' ' n^/ X 

and C = LiniC(i&i\ 

p-> 00 p 

The Fourier series representation of fit) may also be used for obtaining 
the transfer immitance. More generally, the output time function may be 
represented by means of any orthogonal complete set having rational Fourier 
transform, so that 

/(t)=2p„V«(0 and ... (3a) 

where Xnip) is the Fourier transform of ^Jt). The coefficients Pn are 

otHainable from 

Sli'nitjrdt 

It should be noted that Fourier series representation implies choice of 
commensurate complex poles while Laguerre series representation implies 
selection of nth order real pole. 

THE MOMENT GENERATING FUNCTION METHOD 


X 

If in the fundamental relation g(p)= f e~^i{t)dt, fit) is normalised, that is, 

*0 

00 

if j f(.t)dt=i, fhen on expanding e~^ we have 
*'0 

• 00 ^ 
j f(t)dt~p / if{t)dt + ... + t'fil)dt + ..- 


s: I + + ... "F - — Pr + ••• ... (4) 

2 ! r ! 

K^^re denotes the order moment about the origin. Differentiating 
g(p) f times one obtains 




... (4a) 
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Thus the coefficients of the power series expansion of g{p) are obtainable 
from the transform of {-tYfU). 

The moments can be related to the real and imaginary parts, v1{u>)and 
B(m) respectively, of the transfer function From 

'‘''-'-''[•I,*"’'] 

we note 

^(o) = i, B'(o)-m/, = ... ... (5) 

The moments can also be related to the delay time and rise time thus : 
Delay time can be defined as 

•0 

J (6a) 

0 

OD i ^ 

and the rise time as <r = |^27r J (t- td)^f{t)dt j •• (6b) 

0 

It will be seen that g(p) determines the moments (when these exist) 
and hence the distribution function. It should, however, be observed 
that a set of moments determines the distribution uniquely only under 

— - u 

certain restrictions. A criterion of unique determination is that Lim — p 

n l 

is finite. This criterion is derived from the condition of convergence of the 
power series o^ gip)- It is worth noting here that two distributions having 
identical moments up to the nth order are equal in the sense of least square 
approximation. It is also to be noted that the method of moments is 
applicable only if the time response is monotonic. 

As already stated, in order to be realisable in the form of a network, 

tn n 

must be of the form Here, n>m, for n=w implies an 

O 0 

impulse at f=o and such cases are outside our purview. Also, it has been 
mentioned that for realising 3'(^) one may choose a rational Hurwitz 
polynomial for the denominator and then adjust the numerator to approximate 
to g(p) . The alternative suggested here^ is to consider instead the power 
series of g'p) as a recurring series of order n and then find the coefficients 
of the generating function, i.e,, the denominator polynomial D(p), from the 
set of recurrent relations 

bnp'k bn-ifi'k+l ^ -1-f — I'.w (m\ 

fel (fe + i)! ' (fe + n)l 

Equation (7) will be recognised as an nth order difference equation with 
constant coefficients. If the roots of the characteristic equation 
x'^—bix*’‘^+ ... +('-i)“b*=o 


... ( 8 ) 
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are Cl, Cj, 6,j, then /12C'2*‘. + ... +AnCn^, An evident 


constraint on the roots is that - - -> o as r oo. Hence o <j Ck] < i. 

■i 

Now the solution of /)(/>) from the set of relations (7) and Dip)-^brp^ 

o 

can be presented in the form 


D(/,)=2^ ■ f f' -P" 

- , whqre v„=(-i)«ii!i. 

i n I 


1-1 

V«_] V„ ...V3„_l 


(9) 


and 



and C is a constant. 


The numerator polynomial will then be 

I ■ 

N(p) = i + {fii'-bi)p + (^ —htHi'+h2'jp’‘ + 


+ {-p)”-'\ + .. 

L (n — T,> ! (w~2)! 


(10) 


Equations (g) and (10) determine the network function completely. 
We may now write <p{p) as 




N(p) 

Dlp) 


or as 2 


Ak 
/> + yA’ 


or as 


^ + " 4- 

^OP + a I ^2p + *^3 ^4p + 


(iia) 


From the theory of linear simultaneous equations, it is known that for 

the parameters h^, ha, , hn to be independent, it is necessary that the 

rank of the matrix of the sy.stem be equal to the order. This sets the upper 
limit to the order of the polynomial. We have now to ensure that the b/ s 
are all positive and that D(p) is Hurwitz. It should be observed that if 
the power series of j^(p) converges, so wdll the continued fraction and the 
rational fraction associated with it ; further that for boundedness of fit), it 
is required that g(p}, and hence Dip), be regular when JRc /)> o. It is 
easy to prove that in the continued fraction 




I 

ao/> + pi 




+ 




(lit) 


if QtA and are alt positive, the roots of Dip) are simple, real and 
negative. For this we consider the sequence + ^0 as Sturm 

functions where gr4i«=(ar^ + pr)gr + where priqr is the r th convergent. 
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It is evident that none of the Sturm functions can pass through zero 
in the interval o to on the axis of reals and that n changes of sign will 
be lost in the sequence of Sturm functions as p passes from oo to — oo. 

It can easily be demonstrated that if dF{i) has not less than n + i 
points of increase one must have Ai > o, > o, ... An > o, and conversely 
if the inequalities are satisfied, dF(t) has at least n + 1 points of increase, 
where 


A ~ 1 

• \ 


fir meaning the rth moment. 


For this we easily see that the quadratic form 
00 

f (U, + U,t + ... + U„mF{t)='S,f>.'i+KUiUK 
-00 

is definitely positive, for, by hypothesis dF(t) has' at least (n 4 - 1) points of 
increase and at least one of these must be different from all the zeros of 


+ r/nf* 


so that the integral is always positive so long as f//s are not all zero. This 
positive definite character ensures the determination of dFit) with a set of 
moments fi/. 

This result may profitably be used in realising a minimum phase shift 
type transfer function when its real part is non-negative. Consider the 
Poisson line integral 



where ms is the 5 th moment and Reg(ju>) is the real part of gijia), 

oc 

Stipulating that on expanding J ^ ~ ® power aerie* of 


terms involving ^jto 


p*» 


are absent, we obtain 



Re g(}u>)dw=o 


(i 2 b) 


for an arbitrary polynomial 0 of degree S, S^n. It is easy to show that 
the roots of N(p*) and Df.p*) are real, simple and contained within the interval 
o to - 00. Equations (12) thus completely determine the network function- 
We may add in conclusion that it sometimes saves labour and yields 
more accurate result if orthogonal series expansion of g(p) instead of the 
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actual power series is taken. This procedure is particularly preferable wheu 
the form of the transfer iminitance is readily obtainable. As the orthogonal 
series we may take the Laguerrc series in the interval o to , or the 
Tschebycheff or the Legendre series in the reduced interval — i to 


TIMK SERIES iM:ETHOI) 


A time series of a wave form fU) fc a sequence of its values at equal 
intervals of time, i.e., the sequence 

(L,a), Ka) 

where /r is the value of /(/.) at ra, a being |the spacing. It is well known 
that if Wo is the highest frequency of interest in the spectrum of a band- 
limited function f(t) then it can be represented as 


2m. T 

/(«)= S / 


0 



sin p 2 ^otrl ^ j jnterval 

7r(2wof — r) 


(13) 


The importance of the relation is that it enables one to specify a continuous 
function of time in terms of its values at intervals of i/awo apart. For 
example, the response of a low pass filter with frequency response, uniform 
up to a frequency /<• and zero for all other frequencies can be represented 
by a time series of interval ihfe. 

The time seriesi it will be understood, describes completely the 

characteristic of a linear network. If the response of the linear network to 

00 

an input S(t) be /(t), then /It- J S(r)tT(t-r)(ir where I7(t) is the weighting 

0 

function. The time series of fit) and 5{f) can be used to determine Wit) 
completely. The problem now is to realise the transform of W(i), For 
this, we shall describe two alternative methods for finding out the poles 
of the approximate network : (a) the spectrum method and ih) the regressive 
equation method. 

(a) Spectrum Method, 

The relation 

^(p)=>J = H''(ra)e-P'* (14) 


for the *:rnnsfer function is satisfied by 


gtp) - 2 




4 . ^ hrOir 
1 + Wr® 


Q 


1 p +(«)y 


(14*) 


if, at discrete points f-r, 

+ S6r ^in MrT + SCr COS tOfT (iS) 

where «r*8 denote the real poles and <«r’s the imaginary poles. One has now to 
find the poles «r and Wf and the coefficientf or, K, cr- For this one first 
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forms the correlogram or the periodograni^ or constructs the spectrum by 
conventional methods. To form the correlogram we first write 

/ ^ /(*)/(< + feMt (i6) 

^ •'o 

00 

and then form ^(w) = J cos takdk. 

To construct the periodogram, w^e write, 

QD 00 

y* fit) cos toldt, B= y /(/) sin oytdt 
0 ‘ 0 

and then form = + ••• (i?) 

When the spectrum is such that the number and the locations of the 
poles cannot be accurately ascertained, reasonable assumptions regarding 
the same have to be made. One has then to select the unknown a^, hr, and Cr 
for least square approximation to the given time function. For the purpose 
one forms 

t/— + sin ovr + ScrCOS uvr} j ... (i8) 

0 C 7 0 t/ 

and minimises it with respect to Or, hr and Cr, t. e. equate x— , -:;ar and ^ 
separately to zero. Now =o gives 

* Ufl-j 

ai'StXirn^ + 'SiaK^ XKmXiff^^ ^bK 2 /Tm* "f* Km — ^fmXi (iSci) 

where Xrmt yrmi Zrm and fm denote the values respectively of 
e"®'*', sinwrr, cos /(r) at the nth sampling point. 

From the set of linear equations {i8a) one solves ar, br and 
gip) is then in the network realisable form (14a), 

It is necessary to note that only if the time function is the response 
of a linear network with finite elements it is possible to find out oLr and wr 
with reasonable accuracy from the correlogram or the periodogram. In the 
general case of an arbitrary time function, the representation (3a), in terms 
of a complete orthogonal set, has the advantage over the representation 
(14a) that the coefficients I3n are more easily found. 

(h) Regressive Equation Method, The time response of a linear system 
is known to possess the useful property, namely /^that its lime series is linear 
auto-regressive. The basis of linear auto-regression is the fact that ah 
nth order linear differential equation may be regarded as the limiting 
case of tn linear algebraic equations .when in j the limit m tends to infinity. 
If we consider the second order differential equation 
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p^ + 

where p, q, r are continuous in the interval o^t^T. the difference 
equation from 


where 


•^'v+ I Xy, 2Xv+i^ Xx I 



I; 


2 


» • • • > 


and where oc is the spacing, will be | 

PvXv + QvXy + l + jR^v+‘2 =“ 

Proceeding similarly the nth order difference equation is 


T 

a 


rp 

PoXy + l\Xy+\+ +P»-rv+«wipv v=o, I, 2 ,..., ^ — n 

a 

In the application we have in mind, the coefficients PrS will be constants. 
Then the nth order difference equation for the time series, that is the 
linear auto-regressive equation with constant coefficients ai, as, ... a«, is 

••• •• +U-rj/f ==0 (19) 

Here ^ is zero, since we are considering free inodes. 

There will be iV— n such equations. It may be observed that the auto- 


correlation coefficients are related by the equation 

n^i-^ +a,>r/rt = o ... fao) 

The solution of (19) is /(t)^^Ak^k^ (21) 

where Zk are the roots of the equation 

+ +an = o .. (22) 


Now, it will be noted from the differential equation of the output time 
function D{p)f{t) = N{p)Sit) that the poles, i e., the roots of Dip) are 
related to the Zk by y*®* log Zk- hor boundedness of /(f), o <C mod Za; <C i. 

The order of the system is to be chosen with reference to the complexity 
of the network and the rank of the linear equations (19). It is thus seen 
that the equations (19), through (22), contain all the informations about the 
locations and the nature of the poles. When the time series shows irregular 
feature, in setting up the equation (22), we choose instead of (i 9 b derived 

Ak 

equation (20). The tiansfer function now becomes ^ • fo deter- 

mine the Akt vve may employ the method of the previous section, i.e,, 
minimise U with respect to Ak, where 

U--^[fir)-^TAkZj]\ 

o 1 

The methods discussed in this section can be used for obtaining wave- 
form correcting network. If, for example, the impulse response of a 

networks is A(i). and the desired waveform is then, from the convolu- 
tion integral 
5 -~i858~io 
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J ft(u)/i(t-u)du. 

one can find by serial division the time series of the corrector, /jU). The 
correcting network can then be designed by the methods of this section. 

ILLUSTRATIVE EXAMPLES 

(i) To realise the square wave time response defined by = 
o < t <Z T, and /(I) = o, elsewhere. 

Its transform cannot be realised with a finite network, for as is well 

known, the spectrum of a pulse having steep edges decays as - and that of 

P 


one having coiners decays as This property is reflected In the fact that 

P 

the moments of transform form a very slowly convergent sequence. The 
recurrent series obtained is 


g(p) is then 


I+x‘i 42 

X X . X* 

^ ^ 2 28'* ^ 84 ^ 24 X 70 


The network response calculated is observed to improve with the addition of 
two real poles at 10® sec'‘ and i 10“ sec'* of strength 2. The resultant 
waveform is shown in figure i. The network configuration corresponding 
to g{p) can be found following Cauer. 



FlO. T 



Synthesis of a NetWork, fof o Pretcribed Time Function 

(a) To synthesize the network for generating a trapezium (figure a). 

The time function has obviously no oscillatory components, i.e., the 
poles are real ones. Instead of going through the whole procedure, we 



Fig. a 



Fig. 3 
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select, on a preliminary study of the time response, 0.3 x lo", 0.4 x 10", 
0.5 X io“, 0.6 X 10“, as the locations of die poles. 

The transfer function is then 

^2 -J. ~ . 

+0.3x10*^ /M 04x10'’ />H-o.5xio‘^ p-^ 0.6x10^ 

The linear algebraic equations referred to in (i8a) are solved and the 
constants found are ^1 = 38, aa~ -52, ^3 = 44, «4= "20. g(p) is then 

. 

^ ^ ^ A,^ + l.8ji;*+i.i9A:® + 0 . 342 :t '+.036 

(3) To realise the netwoik for the time response shown in figure 3. 

The auto-regression equation of the third order formed is 
C^+3~2.2I4 sJ7(+2-i.6S2 + 0.440 Ut-o 

The roots are 0(1 = 0.8025, /^2== 0.706 ±0.31. The constants Ak 

are now chosen for best fit. The solution is 
/lf) = 25.8^“‘®-2‘^^-l-iS.4e“^*-'<^^ sin cos 0.3H, t being in fi secs. 

The network response is found to agree well with the specified time 
function. 


A C K N 0 W Iv E D G M K N T vS 

It is a great pleasure to record iny indebtedness to Professor S. K. 
Mitra for his guidance and interest. I am also thankful to Mr. A. K. 
Chowdhury for his atd and encouragement and to Mr. D. Gupta Sarnia for 
some helpful discussions. 

R E F E R K N C 1^: S 

Airgrain, P. R., and Williams, E. M.. igiga, Jour. Af^p, Phys . 20. 597 
Airgraiii, P.R. and Williams, E M , 19496, /Voc /. /? E., 37, 866. 

Nadler, M., 1949, Vroc. L K. E , 37, 627. 

Pulse Generators, R. L* Series No. 5. p.189. 

Thomson, W. E., 1952, Jour, J E. E , 99, 379. 



56 


ABSORPTION OF 3,18 CM MICROWAVES IN SOME 
AROMATIC AND ALIPHATIC COMPOUNDS 
IN THE LIQUlb STATE* 
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ABSTRACT. The absorption of 3.1S cm microwaves in o ciesol, m-cresol and 3 chloro- 
propene has been studied by the direct optical tiethod avoiding formation of stationary 
waves. Maximum absorption of 3.18 cm microwaves has been exhibited by c)“creso), 
w-cresol and 3-chloropropeiJe at temperatures 50*C,8()*C and — 8o“C respectively. In the case 
of cre>ols these are assumed to be due to rotation of the OH group about the diameters 
of the molecule passing through the caibon atom.s to which the OH group is attached. 
In the case of 3-chloropropeiie probably the rotor is rotating around the length of the 
molecule. It has been observed that toluene, o-bromotoluene and xylenes do not exhibit 
any absorption in the 3 18 ern microwave region which corroborates views expressed 
in the previous papers of the author that the absorption in the microwave region is due 
to the rotational freedom of the group containing permanent electric moineni about an 
axis of the molecule. Toluene and o-broniotoluene also do not exliibit any absorption 
in the U.H.F. region 250-900 Mc/scc. This may be due to the fact that the permanent 
electric moment in the case of toluene is very small and that the moment of inertia of 
o-bromotoluene is very high. 


T N T R 0 1 ) U C T I O N 

It has been reported recently (Ghosh, 1954) that sonic substituted 
benzenes exhibit absorption maxima at the 3,18 cm microwave region and 
that the radii of the rotors calculated from Debye's theory aie found to be 
too small to be that of the molecule and they are equal to the projections 
of the lengths of the substituent groups on a diameter of the benzene ring 
passing through the point of substitution. This shows that in the case 
of these substituted benzenes tlie time of relaxation has different discrete 
values in each case and the occurrence of effective time of relaxation 
owing to freedom of rotation of the substituent group about a diameter of 
the molecules postulated by Fischer (1949) corroborated by these results. 
The presence of rotational freedom of some groups in substituted benzenes 
was inferred by Fischer (1949) from the values of dielectric loss observed 
in the solution of some substituted benzenes in the metre wavelength region* 
In the method employed by the present author, the frequencies of absorption 
peak are actually observed in the case of pure liquids for wavelengths shorter 
than I metre and the radius of the rotor is calculated from Debye’s theory. 

ComiDiinicated by Prof. S. C. Sirkar. 
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It was observed that the pure liquids such as benzyl alcohol, benzyl 
chloride, benzyl amine, ethylene chloride, ethylene bromide and chloroform 
exhibit maximum absorption of 3.18 cm microwaves at suitable temperatures. 
In the case of the substituted benzenes mentioned above the substituent 
groups were assumed to have rotational freedom in explaining the observed 
absorption. It would be interesting, however, to find out whether substituted 
benzenes in which there is no such group with rotational freedom also 
exhibit absorption in the 3.18 cm microwave region. In the present 
investigation the absorption of 3.18 cm microwave as well as of U.H.F. 
radiowaves of frequency ranging from 250 Mc/secto 900 Mc/sec in a few 
moie liquids has, therefore, been studied for different temperatures of the 
liquids and attempts have been made to calculate the radii of the rotors from 
Debye's theory. 


E X K R I M K N T A L 

The liquids studied in the present investigation are toluene, o-bromo- 
toluene, o-xylene, w-xylene, o-cresol, m-cresol and 3-chloropropene. The 
experimental arrangement used in the present investigation was the same 
as that reported previously (Ghosh, i 953 ^j i 953 ^i i 954)' The liquids studied 
were of chemically pure quality. They were all distilled in vacuum after 
proper dehydration. The liquids were supplied by Fisher Scientific Company, 
New York. Ortho and nieta cresol were supplied by B.D.H. 

R E S TT L T S 

The values of and r calculated from Debye's theory and the different 
constants involved in this calculation are shown in Table I. 

Table I 

oj/2fl' = 94i5 Mc/sec. 


I/iqnid 

T*K for max. 
abs. 

*0 


71 X 100 

i 

T X ir/' 

ax 10^ c.c. 

a-Cresol 

323 

2 .J 93 

63 

j 

2.5 


1.28 

, m-Cresol 

353 

2.372 

5-5 ! 

1.8 

1.458 

1.46 

3-Chloropropene 

193 

2 

10.6 

75 

1*235 

I 5 ^ 


Toluene and o-bromotoluene showed no absorption at all in the range 
250*900 Mc/sec and also in the 3.18 cm microwave region when the liquid 
was heated nearly up to the boiling point and cooled up to the freezing 
point. 
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Ortho-xylene and /«-xylene showed no absorption in the 3.18 cm micro- 
wave region. Absorption by o-xylene and m-xylene in the U.H.P\ region was 
reported by Ghosh (1953^^)- Absorption by o-cresol and m-cresol in the 
U.H.F. region was studied by Kastha (1952) and the absorption in the 
microwave region has been plotted in figures i and 2 respectively. 



Temperaiur*e in ► 

Fig. I. {>-Crcsol 

^srQ.>|i5 Mc/sec thickness of liquid = jcin. 



Fio. 2. m-Ctesol. 

t/lcf.eo, thickness of the Hqiiid-i cm. 
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Fio. 3. 3-Chloropropene 
f-g^iS Mc/sec, thickness of the liquxd = i.5 cm 


It has been observed that 3-chloropropene shows no absorption in the 
U.H.F. rcMion in the range 250 900 Mc/sec even when cooled upto the 
freezing point of the liquid. The absorption in the microwave region has 
been plotted in figure 3. 

The values of f} are obtained from the results reported in the Inter- 
national Critical Tables. The values of have been obtained from the table 
of dielectric constants of pure liquids published by National Bureau of 
Standards, United States Department of Commerce and also from the 
International Critical Tables. The results at very low and high temperatures 
have been obtained by extrapolation. The values of «© have been assumed 
to be equal to square of n, the refractive index at 20°C for sodium D-line. 


DISCUSSION 

It can be seen from the Table I that the radii of the rotor in all the 
three liquids are much smaller than that of the single molecule. So, in 
the case of cresols probably the OH group rotates about the diameter of the 
molecule passing through the carbon atoms to which the OH group is 
attached. Since the values of viscosity were obtained from the International 
Critical Table, they are quite reliable. Therefore, the difference in the 
values of a for the w-cresol molecule and that for the o-cresol molecule may 
not be due to any uncertainty regarding the accuracy of the data used in the 
calculation, but it may be a genuine difference. If that be the case, it 
can be inferred that the angle COH between C and OH bonds is smaller 
in the case of o-cresol than in the case of w-cresol. This may be due to 
the proximity of the CHs group in the case of o-cresol. 
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In the case of 3«chloropropene the rotation of the molecules about an 
axis perpendicular to the length of the molecule would require a large 
volume and the radii also would be much larger than i. 51 A calculated 
from observed absori)tion. Probably, in the particular case the rotor is 
rotating around the length of the molecufe. In that case the projection 
of the radius of the rotor would be of tlie order of T.51 A shown in the 
Table I. Such a value was also obsei^ed in the case of ethylene 
chloride and ethylene bromide. Now the absifence of absorption in the region 
250 - 900 Mc/sec indicates that the freque^lcy of absorption corresponding 
to the rotation of the molecule about an axis Jat right angles to the length 
of the molecule is much lower than the lowtst frequency used in the present 
investigation. 

It is well known that in the case of toluene, o-bromotoluene and xylenes 
the rotational group does not change the orientation of the permanent 
electric moment and it is not surprising that these liquids do not exhibit 
any absorption in the 3.18 cm microwaves region. Toluene and bromotoluene 
do not show any absorption also in the range 250 - 900 Mc/sec, This 
may be due to the fact that in the case of toluene the permanent electric 
moment is much smaller. It the case of bromotoluene the moment of inertia 
is very high and the absorption may be in a region of much lovvei frequency. 
The results thus fully corroborate the views expressed in the previous papeis 
(Ghosh, 1954) that the absorption in the microwave region is due to the 
rotational freedom of the group containing permanent electric moment 
about an axis of the molecule. These results also demonstrate the fact that 
the molecules in the liquid state of these type exhibit more than one 
absorption maximum due to the orientation of tae whole molecule as well 
as of part of it as postulated by previous workers, 

A C K N 0 W L E I) G M K N T 
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Plates XVIII A-B 

ABSTRACT. A complete analysis of the near ultraviolet absorption spectrum of 
acetaldehyde molecule based on a single electronic transition is obtained. 

About 113 binds are measured in the region aa 3485-^2610 A.U. The baud at 
3204.1 A.U. is chosen as the 0,0 baud. The C=0 frequency is e.stablished to be 1125 cni"‘ 
in the upper state instead of 1053 <^ni" ‘ us given by Eastwood and Snow (1035). 


The following six pairs of fundamentals explained the whole spectrum. 


Upper state 

Lower state 

Assignment 

1125 

mo 

0=0 valence 

1205 

1222 

C-H wagging 

975 

1363 

CH3 sytn. bending 

666 

1066 

A 

C - C valence 

537 

562 

C-C=() bending 

390 

449 

TnrijiViii 

analysis shows the characteristics of an allowed transition. 

INTRODUCTION 


The ultraviolet abso.ption spectra of the aliphatic aldehydes do not seem 
to have been interpreted to the same extent of thoroughness as those of the 
aromatic compounds. The above aldehydes containing a C= 0 . generally 
give a weak absorption spectrum in the near ultraviolet. In acetaldehyde 
for instance, the band spectrum in the region AA 3480—3300 A.U. is known 
for a long time without any satisfactory analysis. A thorough investigation 
of this appears desirable. Earlier work on the near and far ultraviolet 
abtwption spectrum of this molecule may be summarised as follows • 

Henri and Schou (H K- S, 1928) were the first to study the near 
ultraviolet absorption spectrum of acetaldehyde. They measured 60 bands 
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and interpreted them assuming a doublet excited state. This interpretation 
is of no fundamental significance. Leighton and Blacet (L & B, 1933) 
reinvestigated the spectrum during their study of photo-decomposition of 
acetaldehyde and found the diffuse bands extending uplo 2740 A. U. (against 
2820 A.U. as given by Sclioii, 1929) with a trace of band structure appearing 
down to 2660 A.U. They found fluoresccnie extending throughout the 
region of distinct and diffuse bands. Pringsheim (1949) notes that the 
fluorescence bands are due to biacetyl. 

Eastwood and Snow (1935) studied the C==0 frequency in the upper 
state in various aldehydes and ketones. In acetaldehyde, they gave 9 bauds 
with separations averaging about 1053010"^ and assigned this as the C = 0 
frequency in the upper state. 

Walsh (1953) analysed a few bands in the near ultraviolet spectrum 
taking the data from Schou (1929). Assuming the spectrum as involving 
more than one transition he found it difficult to perform a rigorous vibrational 
analysis. He considered the transition as of a forbidden type. 

Walsh {1946) found the far ultraviolet absorption spectrum consisting 
of two systems ; (i) 1820— '1650 A. U., (ii) below 1650 A. U. and attributed 

them to two allowed transitions. He felt that both the far ultraviolet 
systems were complicated and so could not obtain a full analysis. 

It is clear from the earlier w^ork that a complete analysis of the band 
system or systems in the near ultraviolet was not achieved. While the bands 
were complicated in their appearance, it occurred to us that there may possibly 
be only one system due to a single electronic transition. A thorough and 
independent attempt at the analysis was found desirable. So fresh 
experimental investigations were taken up under various conditions. 
Unbiassed attempts at analysis were also made. The results of the above 
investigations are reported in the following pages. Preliminary results were 
reported by us earlier (Rao and Rao 1954). 

EXPKRIMEN'iAL 

Pure acetaldehyde supplied by Merck and Company is used for the 
experimental work. All-quartz absorption tubes of lengths varying between 
5 cm. to 50 cm. are used. The container is kept at temperatures varying 
between -i5°C and 6o®C thus regulating the vapour pressure inside. The 
tubes and windows are always kept at a temperature, higher, at least by io®C, 
than that, at which the container is kept, to avoid condensation of vapour on 
the sides and windows of the tube. 

Adam Hilger hydrogen arc lamp operating on their FL-16 stabilised 
power unit is used as the source of continuum. The Hilger medium quartz 
spectrograph having a dispersion of 17 A. U./mm at 3200 A. U,, 8 A.U./mm 
at 2650 A U. and 5 A. U./mm at 2000 A.U. was used to photograph the 
spectra with Ilford vSpecial Rapid plates. 
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DESCRIPTION OF T H 1? SPECTRUM 

The region of absorption extends from 3485 A. U. to 2350 A. U. in the 
case of maximum path length (50 cm) used by us. The distinct bands appear 
in the long wavelength end of the spectrum and the bands are underlaid by 
continuous absorption which predominate at higher pressures and with larger 
path lengths. With 5 cm path length, the container being kept at o°C, the 
region AA.3400 — 2600 A.U. shows batulK, no continuous absorption being 
perceivable. The bands on the short Wavelength end are superposed by 
continuum. Measurements are made on this plate giving relative intensities 
to all baud, in the scale i to 10. I'he most distinct bands appear in the 
region 3400 to 3250 A. U. the distinct baii^ls in the region 3250 to 2970 A. U., 
the diffuse bands in the region 2970 A. U; to 2800 A.U. and the very diffuse 
bands in the region 2800-2610 A.U. The region below 2610 A. U, is 
superposed by continuum. 

The bands in the region 2780 — 2610 A.U. are not measurable on the 
plates and so measurements are made on the positives taken on Kodak 4-S 
high contrast photographic paper, exclusively for that region. Intensities 
are also given relatively among themselves. For measurement of bands in 
the region 3485-3250 A. U. the plate corresponding to 50 cm path length and 
container at room temperature (28°C) is used. 

Plates are taken varying the path length or the vapour pressure (container 
temperature). Increase of path length and increase of vapour pressure are 
found to increase the region of absorption with the appearance of additional 
bands on the red side more distinctly, while the bands on tho short wave- 
length side merge more and more into continuous absorption. The mean 
values of measurements on six plates are recorded in the present work. 

A few pictures were also taken on Ei quartz Uiltrovv spectrograph. High 
dispersion is a disadvantage- for bands of this type without sharp edges. 
Further, partial resolution of lotational structure is an additional draw-back. 

A N A L Y S I vS 

The development of the spectra under various experimental conditions 
suggested that the 0,0 band should be near about the region 3204 A. U. 
On account of the low symmetry of the molecule fC,) the transition could be 
of an allowed type. So the 0,0 band can be expected to be one of the 
stronger bands, though not nece.ssarily the strongest. In the earlier work 
of Eastwood and Snow (E & S, 1935) a progression of bauds with a mean 
separation of 1053 cni~* was observed. In lable I the bands observed by 
them are given with the separations. Our observed values for these are also 
given in column 3. One of the bands included in our list is at 3^^®^ 

This was chosen as the 0,0 bund and the separations of all other bands from 
this are given in column 4 of Table II. Walsh (1953) analysed about 
12 bands ''38711 to 30499 cm'M choosing the band at 29490 cm“’ as the 0,0 
band. He assumed the data as given by Schou (1929). He has not given 
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any reason in support of his choice of the o,o band. To the short wavelength 
side of 30499 cni’“^ there are at least 86 bands which he considers as belonging 
to different transitions and impossible for vibrational analysis. His analysis is 
conspicuous by the absence of the C = 0 frequency in upper state which may 
be reasonably expected to be strong and responsible for the occurence of the 
band system itself in the near ultraviolet region. For these reasons we 
do not feel inclined to agree with his identification of the 0,0 band. A 
discussion of the frequencies, as identified by him. will be taken up later. 
Besides, as already pointed out, we arc not completely convinced that the 
bands should arise out of more than on 3 transition. Serious attempts were 
made by us to fit all the bands reasonably into one system and after various 
trials we chose the band at 31201 cm*'’ as the 0,0 band. 

. When once this choice is made, our attempt has been to identify 
the C = 0 frequency in the upper stale, in the region 1053 cm “* as observed 
by E & S (Loc. cit). This led us no where with the analysis of 
the system. A close examination of their value 1053 cm**^ revealed 
that the above authors have taken the mean of 8 values 
ranging between 1150 and 9890111"^ with very wide deviation from the 

Table I 


V CHI”' (K & 

Sepn ration 

V cnrUowr value) 

31182 

... 

31201 

3233-2 

1150 

32326 

33413 

1081 

33385 

34 SO» 

109 s; 

345m 

35 S 39 

m3i 

35544 

3656'J 

1027 

36583 

37555 

989 

37550 

385 ‘J 9 

1044 

... 

39<t<’8 

1009 

• V* 


mean 1053 cnr ^ 



mean value 1053 cm*^ fsee Table I). This does not appear to be 
reasonable. So we made an independent attempt to identify this frequency. 
The band at 32259 cm*"^ (Int. 3) is at a distance of 1058 cm*“’ from the 0,0 
band and the next one at 32326 (Int. 5) is at a distance of 1125 cm“^ 
This frequency of 1125 cm“^ was quickly observed to be repeating itself 
with good accuracy up to 6 {1125) at 37948 cm"^ with a fall in intensity 
from 5 to 1*. The bands already get diffuse at this stage and merge into a 
continuum and this can easily explain any deviation of the calculated values 
from the observed values. The value 1125 cm**' for C«0 upper state 
frequency is just what one would expect on comparison witli allied 
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molecules. So this was chosen as the starting point of the analysis. 

As already pointed out, these spectra present no regular patterns like those 
of aromatic substances which will be a guide to the analysis. An intrinsic 
pattern which we could easily demonstrate; in column 5, in Table II and 
in figure i, was obtained as follows. Staffing from the band at 323 ?6 cm“^ 

0+5(1125) 

* 

0+4(1145) 






Fig. I Band repetition pattern 

Intensities for bands next to 0+4 (1125) are given from positives taken exclusively for 
that region but not from the plate as given for the rest of the bands. 

(0,0+ 1125) we obtain the shifts of all the bauds from this upto 33447 cm"’ 
(0,0 + 2 X 1125). We repeat this process for other limits 2 (1125) to 3 (1125), 
3(1125) to 4(1125), 4(ii25)to 5(1125 ,5(1125) to6(ii25) and 6(1125) to 7 '.ii 25 ) 
(Plate XVIII A). It was at once apparent that there is a regular repetition of 
frequencies which is interesting and instructive. For instance, frequencies 
like 527. 532. 517 and 525 may be considered as repetitions within 
permissible tolerence of measurements (particularly for headless bands 
of this type). Most of the bands between 0,0 and 0,0 + 1125 repeat 
themselves in other intervals. In the intervals between higher overtones 
of 1125, there are 4 to 6 bauds more which may ^ expected 
as some higher combinations. They also, when once they appear 
repeat themselves. For instance, the band with a shift of 231 cm 
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Tablb II 


A 

Lnt 

I' 

cm ■ * 

0 0. 

s,r 

■■ill 

0 11 

A.s.signnicnt 

! 

Calc 

Ak 

Obs. 

—Calc, 


Path length 5 cm, container tube at aS*C 



3483.3 

I 

28701 

-2500 

0-2(1730) — 122 <5 + 1125 4-2 (527) 

-2503 

-3 

3463.8 

I 

28862 

-2339 

0 — 2(1730)4*1125 

*"2335 

+ 4 

3444.1 

I 

29027 

-2174 

0-2(1363) -5624-1125 

-2163 

+ 11 

34 * 4-3 

1 

29195 

— 2006 

0“ 1730-562- 1363 4- 1125 4-527 

-2003 

+ 3 

3406.2 

I 

2935 ^^ 

-1851 

0-2(1363) - 12224-1:1254-975 

-1848 

+ 3 

3396.5 

4 

29433 

-1768 

0-2(1363) -1730 1-2(527) 4 - 6664-975 

-1761 

4-7 

3392.2 

3 

29471 

-1730 

H 

1 

0 


• •• 

3385 7 

6 

29527 

-1674 

0-2(1363)4-2(527) 

— 1672 

+ 2 

3383.0 

6 

29551 

-1650 

0—1730-1222 — 562-1-527-1-2(666) 

- 1655 

-5 

3374-6 

4 

29625 

-1576 

0 — 1730 — 1066 — 562 -f 666 4 - 1 1 26 

-1567 

+9 

3369.5 

4 

29670 

-is?t 

0-2(1363)4-527 + 666 

-1533 

— 2 

3364.3 

4 

29716 

-1485 

0—1730—2(1363 — 1066+3(1125)4-666 

-1481 

+4 

3358.2 

4 

29770 

-1431 

o- 2 (i 3 ':> 3 )'~s 62 + 527 + 2 ( 666 ) 

-1429 

+ 2 


Path length 5 cm, container tube at o®C 



3395-6 

1 

29441 

-1760 

o- 2 (i 363 )-i 73 o+ 2 ( 527 )+ 666+975 

— 1761 

-1 

3392.2 

I 

29471 • 

-1730 

0-1730 

... 

... 

3384.3 

2 

29540 

•” 1661 

0-2(1363) +2(527) or 

- 1672 

-11 

... 

... 

... 


0-1730+1125-1066 

— 1671 

— 10 

3369-5 

I 

29670 

-1531 

0-2(1363) +527+666 

-1533 

-2 

3350.S 

4 

29838 • 

-1363 

0-1363 


... 

3334-7 

5 

29979 

-1222 

0—1222 

... 

... 

3317-5 

5 

30135 

~ic66 

0—1066 

••• 


3309.5 

3 

30208 

-993 

0-1730-1363+4(527) 

-985 

+8 

3302.6 

4 

30270 

-931 

0-2 (1363) +666+ 1125 

-935 

-4 

3292.4 

S 

30364 

-837 

0-1363+527 

-S36 

+ i 

3277-6 

5 

30501 

-700 

0-1363+666 

-697 

+■3 

3262.9 

7 

30639 


0-562 


... 

32509 

7 

30752 

-449 

0-449 

»«• 


3237-3 

2 

30881 

-320 

0- 1730 - 1363 + 527+ 2 (l 125) 

-316^ 

+4 

3227.5 

2 

30975 

-226 

O-X730+975+527 

— 228 

— 2 
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XABtB II (coatd) 


A 

A. U. 

Int 

1 

cni'‘ 

Sepn. 

from 

0,0 

Ay 

1 1 

Sepu. ! 
from ; 

«III 25 ) 

As-»ignmeiit j 

1 Calc 

Ay 

Obs 

—Calc 

32197 

2 

31050 

■“151 


0-1730+3(^27) 

-149 

+2 

3312.4 

4 

3^20 

-81 


0-1730+ 5iy + ii2> 

-78 

+3 

3204.1 

4 

31201 

0 


(O,0) 



3 ^ 97-5 

5 

31265 

+64 

64 

0+1125-1^ 

+ 59 

+ 5 

3185 6 

6 

31382 

+ 181 

I8I 

0 4 - 2 ( 1 1 25 » 666 - 2 ( r363) 

+ 190 

-9 

3174*2 

8 

3 M 95 

+ 294 

204 

0 + 527 + 1125-1363 

+ 289 

+5 

3 > 64.5 

5 

31591 

+390 

393 

0+390 



3150.9 

6 

31728 

+527 

527 

0+527 



3 » 37 .i 

9 

31867 

+666 

666 

of 666 



3125-8 

4 

31983 

+ 782 

782 

o+ 2 ( 39 t>) 

+ 780 

+ 2 

3115.8 

4 

32085 

+884 

884 

0+2(1125)- 1363 

4-887 

-3 

G 

C 

5 

32176 

+ 97 S 

975 

f *+975 



3099.0 

3 

32259 

+ 1058 

1058 

0 + 2(527) 

+1054 

+4 

3002 6 

5 

32326 

+ 1125 

1125 

O+II25 



3085.0 

4 

32406 

+ 1205 

80 

(>+1205 



3076.9 

8 

32491 

+ 1290 

165 

0 + 527 + 2(666)- 62 

+1297 

-7 

3071.0 

2 

32557 

+ 1350 

231 

0 + 527 + 2 (606) - 562 - 1066 + 1 125 

+1356 

0 

3064.5 

8 

32622 

+ 1421 

296 

o-t.527+2 1125)- 1303 

+1414 

+ 7 

3057-4 

8 

32698 

+ 1497 

372 

0+975+527 

+ iSOi 

“5 

3040.9 

2 

3277S 

+ 1577 

452 

0+3(527; 

+1581 

~4 

3042.5 

I 

32858 

+ 1657 

532 

0+527+1x25 

+ 1652 

+5 

3037-3 

I 

32914 

+ 1713 

588 

0+5274 2(1125 -1066 

+ 1711 

+ 2 

30304 

7 

32989 

fl788 

663 

0+666+1125 

+ 1791 

-3 

3023.3 

7 

33067 

+ 1866 

741 

o+2(666) + 5a7 

+1859 

+ 7 

3014.2 

I 

33159 

+ 1958 

833 

0+975+1125+3.527) -1730 

+ >951 

+ 7 

3009.8 

1 

33215 

+ 2014 

889 

0+3(1 125) -1363 

+ 2012 

+2 

3002 4 

6 

33297 

+2096 

971 

0+975 + 1125 

+ 2100 

~4 

2994.5 

5 

33385 

+2184 

10*9 

0+2l527, + lI25 

+2179 

+5 

2^.9 

2 

33447 

+ 2246 

1121 

0+2(1125) 

+ 2250 

~4 

2 ^t .8 

7 

33527 

+2326 

76 

0+1125+1205 

+ 2330 

--4 

297 S -3 

7 

33600 

+ 2399 

149 

o +975 + 527 + 2 UI 25 )-I 363 

+ 2389 

+ 10 


3988.* '4 33684 +3481 331 


o +537+4(666)+4( ii 45)-583- k >86 +3481 


o 
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Tablb n (contd) 


A 

A. U. 

Tnt 

V 

cm' 

Sepn. 

from 

0,0 

1 

Sepn 

from 

Assignment , 

Calc 


i 


«(IT 25 ) ' 



2962.6 

I 

33744 

+2543 

293 

04*527+3^1251-1303 

+2539 

+4 

2955.6 

3 

33824 

+2(113 

373 

0+527+975+1*25 

+ 2627 

“4 

2949.8 

3 

33891 

+2690 

440 

i>+975 +527+2(1125) -1066 

+ 2686 

+4 

2943-1 

3 

33968 

+2707 

517 

0+527+2(1125) 

+2777 

-xo 

2937.3 

2 

34035 

+2834 

584 

0+527+3(1125)- 1066 

+2836 

— 2 

2931.0 

3 

34109 

+ 2qo8 

658 

0+666+2(1125) 

+2916 

-8 

2923,6 

3 

34195 

+ 2994 

744 

o+2(666)+527+ii25 

+2984 

•f 10 

2916.0 

1 

34284 

+3083 

833 

o+ 3 ( 527)+975 + 2 (ii 25 )-I 73 o 

+3076 

+7 

2911. 2 

1 

34340 

+ 3139 

889 

0+4(1125) -1363 

+3137 

+2 

2904.2 

3 

34423 

+ 3222 

972 

0+975+2(11251 

+3225 

“3 

2897.8 

4 

345 '° 

+ 3309 

1059 

0 + 2 ( 527 )+ 2 (lI 25 ) 

+3304 

+5 

2891 0 

2 

34580 

+ 3379 

1129 

0+3(1125) 

+3375 

+4 

28855 

2 

34646 

1-3445 

7 «> 

0+1205+2(1125^ 

+ 3455 

-10 

2878 9 

3 

34725 

+ 3524 

140 

0+975+527+3(1 *55)-1363 

+ 3514 

+ 10 

2872.3 

I 

00 

+3604 

229 

o+527+2(666)+3(ii25)-562-io66 

+3606 

-2 

2867.0 

2 

34869 

+ 3668 

293 

0+527+4(1125)- 1363 

+ 3664 

+4 

2860.9 

I 

34944 

+ 3743 

368 

0+975+527+2(1125) 

+3752 

-9 

2855-7 

2 

35007 

4-3806 

431 

0 - 4 * 527 + 975 + 3 ( 1 125) “ 1066 

+3811 

“5 

2848.1 

I 

35101 

+3900 

525 

0+527+3(1125) 

+3902 

-2 

2842.5 

1 

3517^ 

+3969 

594 

0+527+4(1125)“ 1060 

+3961 

+8 

2837 2 

1 

3523^ 

4-4035 

660 

0+666+3(1125) 

+4041 

-6 

2830.7 

3 

35317 

+4116 

741 

o+2(666)+527+2'ii25) 

+4109 

+ 7 

2824.2 

3 

35395 

+4194 

819 

o+ 3 ^ 527 )+ 975 + 3 'ii 25)“1730 

+4201 

“7 

2S18 9 

2 

35464 

+4263 

888 

0 f 5(1 125) -1363 

+4262 

+ i 

2812.6 

1 

35544 

+4343 

968 

0+975+3(1125) 

+4350 

-7 

2806.2 

2 

35624 

+4423 

1048 

o+ 2 ( 527 )+ 3 (ii 25 » 

+4429 

-6 

2800.4 

2 

35699 

+4498 

1123 

0+4(1125) 

+4500 

-a 

2794-7 

1 

35772 

+4571 

71 

0+1205+3(1x25) 

+4580 

-9 

2788.8 

3*1 

35847 

+4646 

146 

0+975+527-1363+4(1125) 

-1-4639 

+7 

2782.6 


35927 

+4726 

226 

0+527 +2 v666) +4* 1125)“ 56a “ 1066 

4-4731 

“5 

* 777-4 

3*1 

35994 

+4793 

293 

o+S27+5(ii25)“1363 

•+'4789 

+4 
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X 

A.U. 

Int.l 

V 

cm” * 

Sepii. 

from 

0 0 

Sepn. 

from 

Assignment 

Calc 

Ai' 

Obs 

-Calc 




Av 

n(ii25'.. 



2771 7 

2*^ 

36068 

+4867 

367 

04-975 +-J*7+3 Ui 25) 

+4^77 

— 10 

2766.3 

2* 

36139 

+ 4938 

438 

04-5274-9754-4^11251-1066 

+4936 

+2 

2760.3 

3* 

36217 

4-5016 

516 

04-5274-4(1125) 

+ S»-7 

— 11 

2754 -9 

4* 

36288 

4-5087 

587 

04-527+31(1125) -1066 

+ 5086 

+ 1 

2748-3 

2* 

36375 

+ 5*74 

674 

o+666+^<ii25) ‘ 

+ 5166 

+ 8 

2743.1 

2* 

36444 

4-5243 

743 

o4 2^666)+ 527 + 3(1125) 

+ 5234 

.-Hg 

2737.1 

2* 

36524 

+ 5323 

823 

o+3^527)+9754-4 (1125) -1363 

+ 5326 

-6 

2732.7 

4* 

36583 

4-5382 

882 

0+6(1125) -1363 

+ 5387 

~5 

2726.3 

2+ 

36668 

4-5467 

967 

0+975+4(1125) 

+5475 

-8 

2720.4 

3* 

36748 

4-5547 

1047 

o+2'5^7)+4(n25) 

+ 5554 

-7 

2714.8 

3* 

36824 

4-5623 

1123 

0+5(1125) 

+5625 

— 2 

2709 6 

2* 

3689s 

4-5694 

69 

0+ 1205+411125) 

+ .5705 

— 1 1 

2704.4 

2* 

36966 

4-5765 

140 

0+975+527+5(1 125) -1363 

+ .5764 

+ I 

2698.3 

2* 

37049 

4. 584S 

3 23 

0+527+2(666) —562- 1066+5(1125) 

+ 5856 

- 8 

2692.8 

2* 

37125 

4-5924 

299 

0+527+6(1125) -1363 

45914 

4 lo 

2688.0 

1* 

37192 

4-5991 

366 

0+527+975+4(1125) 

+6002 

~ii 

2683.8 


3725« 

+ 6049 

424 

o+ 527+975-+'5 (ii 25)“I‘>66 

+ 6061 

— 12 

2677 2 

2* 

37341 

-f 6140 

515 

0+527+5(1125) 

-1-6152 

- 2i 

367*. 4 

2* 

37408 

4-6207 

582 

0+527+6(1125) -1066 

+6211 

“ 4 

2667.2 

2* 

37481 

4-6280 

655 

0+666+5(1125) 

+6291 

-11 

2662.3 

2* 

37550 

4-6349 

724 

0+2(666) +527+4(1x25) 

+ 6359 

— 10 

2655-9 

2* 

37641 

4-6440 

815 

0+3(527)+975 + 5(ix25)-i730 

+9451 

-11 

3652.0 

2* 

37696 

4-6495 

870 

0+7(1125)“ 1363 

4 6512 

-71 

2645.3 


37793 

4-6591 

566 

o+c 7- +5(1125) 

-f- 6600 

- (; 

2639-3 

I* 

37878 

4-6677 

1052 

o+ 2(527)+5 (xx 25) 

+6079 

“ 2 

2634-4 

I* 

37948 

4-6747 

1122 

0+6(1125) 

+675'' 

- 3 

36288 

I* 

38029 

4-6828 

78 

0+1205+5(1125) 

+ 6830 

— 2 

2623.3 

I* 

38109 

4‘69<^)8 

158 

0+975+527+6(1125) -1363 

+ 6S8g 

+ 19 

2614.1 

I* 

38243 

4-7042 

39s 

9+527+7(1125) "1363 

+ 7039 

+ 3 

2610.0 

I* 

38303 

4.7102 

35* 

0+975+527+5(1125) 

+ 7127 

-2«; 


"'■**''""'**''*""**'****“*"**"''*"7*'**Tr^'**'***'T!!rrrin!T/*^fl« measured frotn the positive taken 
Tfce bands whDse nitensities are to a pathlength of 5 =». ♦he 

exctaslvely for the region below 2800 A.U. (corresponamg 10 i. 
container being at o*C). 
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from 0,0 + 1125. The results of this observation arc two-fold. Most of the 
fundamentals excited in the upper state may be expected to be within 1125 
0111"^ It is adequate to interpret the bands between 0,0 and 1125, for, 
the others can be easily interpreted by combining the original assignment 
with the proper overtone of 1125. Our attempts are hereafter directed on 
these lines, leading to the identification of some other fundamentals in the 
upper state. 

On the long wavelength side of the 0,0 band there is no such pattern. 
The number of bands is small, being only 27 in all. It is obvious that the 
region could possibly contain the ground state fundamentals and some 
combinations. At this stale we made one more attempt to see if the 0,0 
band could be shifted further to the long wavelength side, retaining our 
observed pattern. As there is no band corresponding to —1125 cm”* shift 
such an attempt is not necessary in an allowed transition. But yet the shifts 
with respect to such an absent band are obtained upto the band at 31201 
cm”*fthe present 0,0 band) which showed no pattern at all. We are inclined 
to take this as further confirmation of our identification of the 0,0 band and 
the genuineness of the observed pattern. Also this is one of the reasons why 
the notion of a forbidden transition is not favoured by us. 

Of the 1 13 bands measured by us, more than 105 could be definitely 
analysed. Six fundamentals, are observed in both ground state and upper 
state. The others are assigned as overtones and combinations of these 12 
fundamentals. The difference between the observed and calculated values 
is given in the last column of Tabic II. Of them, 54 bands show agreement 
within o to 5 cm”*, 35 bands agree within 5 to 10 cm”* and about 12 bands 
show a deviation of more than 10 cm”*. 

For bands of this type having no sharp edge for measurement, and under 
the comparatively low dispersion we are forced to use, agreement within 
10 cm"^ between observed and calculated values may be considered satis- 
factory, Larger deviations which occur on the shorter wavelength side 
of the spectrum may be partly due to the anharmonicity factors in overtones. 
In Table III are given the fundamentals observed in both states with their 
corresponding values in Raman and infiared spectra fvide Table III). 

DISCUSSION AND ASSIGNMENT OF FUNDAMENTALS 

The acetaldehyde molecule, CHgCHO, can have a maximum symmetry 
corresponding to C$ point group. The plane is one containing one C — H bond 
of the methyl group, C — C bond and C — H bond of the aldehyde group. With 
such a low symmetry the electronic transition can be an allowed type, 
possibly between two singlet terms. From our analysis, the 0,0 band and 
the totally symmetric vibrations are able to account for most of the strong 
bands of the spectrum. Non-totally symmetric vibrations are not observed. 

The molecule has seven atoms and so 15 normal modes of vibrations, 
10 of ' (totally symmetric species) and $ oi A" species. Both types are 
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active in Ramau and infrared spectra of which lo (/!' type) will be polarised 
in Raman spectra. There will be six essentially valency type vibrations 
corresponding to the four C — H bonds, oneC~C bond and one C = C) bond. 
1 here will also be the torsional oscillation about C~C bond (which belongs 
to the species) and the remaining eight modes correspond to the 
deformation types. The more iniportint modes of this type are a parallel 
deformation of methyl group, one deformation of COH group in its own 
plane and one deformation of the C~C^O chain in its own plane. The 
other five are the bending and rocking motions of the methyl and COH 
groups with respect to each other. J 

Tadmj ikl 

Assignment of fj-equencies 


Raman* 

Tnfrareiit 

Ivower 

Tipper 

Assignment. 



state 

1 

state 


1724 

17261 

1 

1 

1 I 73 t> 

1125 

C=() valence (. 4 ') 

1758) 





135 ^ 

1345 


'363, 

975 

CH3 sym. bending (A ') 


1372] 




iiay 

[ 1 ‘ 

i 

1066 

666 

C^C valence (/!') 

5111 

or } 

517 ' 

or 

1 

562 

527 

C-C=() bending (A') 

661 ) 

625 

I 





426 

i 





J/^(S52) 

5 

•149 

39 ^’ 

Jorsion (.4 ) 

123S 

12:22 

1222 

3205 

C-n wagging (A') 


♦ The mean values of the Raman lines observed by various authors (as given by 
T & H, 1CH2) are taken as the most probable Raman frequencies. 

t The mean values of the observed infrared frequencies from Morris’s work are taken. 
The presence of the band at 426 cm'’ is doubted by some authors. But its overtone 


852 cm"* is found by all workers. 

Not all these vibrations can be expected in electronic vibrational spectra. 
The C-H valence vibrations lying in the region 2700— 3000 cm ' are never 
obtained probably because of their very low Boltzmann factors. As already 
pointed out. in this case the non-totally symmetric vibration may be 
reasoHably ruled out. Thus rve are left with only a few fundamentals of 
mainly A' species for identification in our analysis. Such frequencies and 
their assignments in the light of Raman and infrared data are discussed 
below. Reference may be made to Table III for assignments 

Complete data on Raman frequencies obtained by (r) P^nkaln and 
Hochbcrg (P & H, 1939). (2) Uadieu and Kohlrausch (D & K, 1929), -3) 


502 


V. R. Rao and 1. A. hact 


Veiikateswaran and Bhagavantam (V & B 1930), (4) Kohlrausch and Koppl 
(K&K1934), (5) Canals and Gastaud (C & G 1937) and by Gerding and 
Rjinders (G & R 1939) were collected py Thompson and Horris (T & H 1942). 
The values given in Table III are the mean values of tjppse observed by 
various authors. 

The infrared absorption spectrum of acetaldehyde vapour was studied 
by Gerding and Lecomte (G & L 1939), T&H (1942) and Morris (i943)‘ 
The latter authors gave their assignments of vibration frequencies. Pitzer 
and Weltner (P & W 1949), during their study of the thermodynamic 
properties of acetaldehyde reinvestigated the assignments of vibrational 
frequencies. For the assignment of frequencies reference may be made to 
Table IV which is an extract taken from P & W. The values for propylene 
(CHa.HC :CIl2) fwhich is an allied molecule) were also given for purposes 
of comparison . 


Table IV 


Vibration frequencies of acetaldehyde 


Syni 

Motion 

Morris 

T AH 

PAW 

Propylene 


C-C-0 bending 

426 

525 

525 

4*7 


CH3 rocking 

890 

883 

918 

1042 


C— C stretching 

917 

918 

1114 

920 

A' 

CH wagging 

1121 

1114 

I 35 f> 

2297 


CH3 sym. bending 

1370 

1355 

1370 



CH3 unsym. bending 

1414 

1405 

J 4 M 

1444 


C«0 stretching 

1740 

1720 

1740 

... 


T A H5= Thompson and Harris (194a) P A W«PiUer and Weltner, (1949) 


In our analysis, the C = 0 vibration in the upper state is the most 
important one and is observed to be 1125 cm“"\ It is recorded accurately upto 
six overtones and the seventh overtone is also probably identified in 
combination with another fundamental 975 cnl‘"^ About 70 bands to 
the short wavelength side of 0,0 band could be interpreted as one or other 
combination of some fundamental with 1125 or its overtones. It and 
its overtones combine with almost all the upper state frequenci[es like 527, 
666 and 975 cm“'\ and some of their overtones. It also occurs in couibina* 
tion with ground stale frequencies like 1363 cm"^ On the long wavelength 
side of 0,0 it occurs in combination with 1363, 2 (1363), 1730 and 
other frequencies. Thus it might justly be considered as pivot of the 
whole band system. If we consider the acetaldehyde molecule as a 
combination tf HC— O with methyl group (CH«), then we might claim 







Ultraviolet Absorption Spectrum of Acetaldehyde 50 B 

C=H as being entirely responsible for this transition occuring in near 
ultraviolet, for, it is well known that all methyl group electronic transitions 
are in far ultraviolet. (This empirical observation is fully justified by 
the theoretical works of Mulliken (1935) discussed later). If so, it is not 
surprising that it should be the outstai^ing vibration in the spectrum. 
The intensities fall off regularly from 5 for 1125 to i* for 6(1125) while the 

7th overtone is not observed. This ini|Jht even explain the region of 
continuous absorption below 2610 A.U. vijfith considerable pathlcnglhs, as 
simply due to the dissociation of the C = 0 ^ond as a result of excititiou into 
higher vibrational states. ^ 

The C = 0 frequency is identified in tlie upper state in formaldehyde 
(HaCO) to be 1187 cnr' (Sponer and teller, 1941). It is quite normal 
that in the heavier molecule CH3CHO this frequency should fall to 
1125 

It appears quite certain that C=0 frequency in the upper state for 
acetaldehyde molecule is 1125 cm~\ It is not 1053 cm"*^ as given by 
K & vS (1935). 

In the ground state, the weak but sharp band at 29470 cm"' separated 
by -1730 from the o,u band can be definitely assigned to the C = 0 
frequency in the ground state. This band was incidentally taken by 
Walsh (1953) 21s the 0,0 band in his analysis of the 12 bands. As per 
Schou*s (1929) measurements given by Walsh this is a medium strong 
band at 29490 cm'"^ We recorded two bands at 29441 and 29540 cm”' 
(corresponding to 5 cm pathlength and o®C) on either side of this band, 
of which the mean value is 29400 cm"'. The two bands were not recorded 
separately by Schou and he obviously obtained the reading to the mean 
position. In fact the band at 29540 cm”'' is the stronger of the three. 
This accounts for the comparatively high intensity observed by him. 
The low intensity observed by us may be easily explained on the basis of 
very low Boltzmann factors corresponding to that comparatively high 
frequency. 

Various authors observed in Raman spectra a strong and 
polarised line at 1715 (K & K), 1716 (P & H), 1721 (G and R), 1727 
(V&B) and 1739 cm"’ (C and G). In infrared spectra this is located 
at 1720 cm"' by T & H (1942), at 1732 by Morris and at 1740 by 
Pand W (1949). There is unanimity in the assignment of this frequency 
to the C =0 ground state vibration. In our work this is established to have 
a value of 1730 cm"' corresponding to the upper slate frequency of 1125 
cm"'. There is another band at -1760 in our data (29441 cm ) which 
agrees with the 1755 (Morris) and 1760 (T & H) in infrared. T & H 
assign this frequency as an overtone of 883 cm ' but it appears more 
correct to consider this as a rotational h^ad of 1720 (Morris). 

The next important ground state frequency is 1363 cm"'. About 32 
bauds could be explained as combinations with this, with a number of 
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other fundamentals in both stales. Of the 27 bands to the long wavelength 
side of 0,0 band, 13 are accounted for with the help of this frequency. 
This band is not included in Schou’s list but is quite distinct on our plates. 
Probably in his plates it iiierRed with the stronger band at 29974 
(our value 29979), We identify the corresponding upper state frequency 
to be 975 cm~\ a baud of medium intensity. This frequency occurs 
particularly in combination with the 1125 and its overtones. This pair of 
frequencies 1363 and 975 cm”’ may be assigned for the CH3 symmetrical 
bending vibration in ground and upper states. T and H record two bands of 
medium intensity at 1348 cm“^ and 1370 cm"’^ in infrared and correlate 
the former with 1351 (G & R) or 1352 (K & K) in Raman data. They 
assign the frequency to the CH., symmelrical bending vibration. There 
is no polarisation data available for this frequency. Morris (1943) records 
these two bands at 1342 and 1373 cm”’ and considers them very strong. He 
assigns the 1373 band as due to CH3 symmetric bending vibration. P & W 
support this assignment. The band at 1348 cm'’ (T & H) may 
be considered as the rotational head of the same band 1370 cm”’. In such 
a case our value of 1363 cm”’ is just less chan the fundamental observed 
in infrared data, as can be expected. Thus vve may conclude that the 
1363 and 975 cm”’ frequencies may be identified with the CHj symmetrical 
bending in the lower and upper states respectively. 

We identified another pair of fundamentals in lower and upper states 
at the 1066 and 666 respectively. There is no frequency in the 

limits 1000 and 1100 cm”’ recorded either in Rarnan or infrared spectra. 
The upper state frequency 66 > cm”^ is probably the strongevSt band in 
the spectrum. About 12 important bands could be analysed with the 
help of this frequency. The oveitoiic of 666 cm”t was not identified but 
there are 13 combinations with other fundamentals 527, 1125, -“562 and 
-1066. In the lower state also the corresponding frequency 1066 cm“’ 
is equally prominent accounting for 15 bands in the spectrum. The 
C — C totally symmetric valency vibration should be a prominent one in 
the spectrum and the frequency should lie in the region of 1000 cm"\ 
T and H identify this frequency at 918 cm”’ and Morris at 917 ctn"“^ This 
is a strong absorption band in infrared with the corresponding Raman 
value at 905 (V & B), 932 (C & G), 914 (K & K) and 923 cm ’ 

(G&R). The line is very weak and noted polarised by T&H 
and the value of depolarisation factor was given as 0.73 ^G and R). This 
assignment was disputed by P & W (1949) who assigned the frequency 
1114 cm*”’ to the C — C stretching vibration. They justify the assignment 
by comparing it with the value in propylene {920 cm"’) (see Table IV). 
The increase in value in the case of acetaldehyde was consistent with 
the shorter C-C distance T.50 A.U. in acetaldehyde as compared with 
I. S3 A.U. in propylene. With this change in assignment (among a few 
more changes) they find a much better agreement with observed therniody- 
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namic properties as also with the product rule (Redlich-Tellcrj between 
CHsCHO and CDaCDO. The line 1114 ctn ^ in Raiiiau effect was given 
various values like itti (K & K), 1118 (O & R), 1136 (C & Gj and 

1137 (V & Bl by different authors and it is weak (but stronger than 918 
(T and Hj and partially polarised with the depolarising factor 0.52 from 
Morris s paper, less than that for 918 cn|“'. The evidence thus appears 
to be more in favour of the 1114 cm~* beii% the C— C valence vibrational 
frequency and it is adopted by us as coritsponding to 1066 and 666 
Besides, if we adopt the assignment of i)i8 cnr\ we cannot explain 
the increase in its value to 1066 cnr\ 36 if our assignment is correct, 
it confirms the assignment as given by p and W. However, it maybe 
pointed out that there is a considerable : discrei)ancy of 48 cin“^ between 
the values of P & W and ours. One possible explanation is that the 
different rotational heads may be excited to considerably different 
intensities in infrared and ultraviolet absorption. Probably we recorded 
one rotational head and the other was recorded in infrared work. 
This view may be supported by the fact that in the infrared measurements 
of Morris we have bands bracketted together like 1342 and 1373, 1732 
and 1755, etc , separated by a distance of 30 cm“\ Hence we feel it 
reasonable to assign 1066 and 666 cm“’ frequencies to the C — C symmetric 
stretching frequency fixed up at 1114 cm~^ by P & W. 

The frequencies 562 in lower stale and 527 in the upper state may be 
assigned to the symmetric C-C^O bending vjb?ation. The order of 
magnitude for this is generally 500 to 600 cm“\ In Raman spectra 
frequencies are found at 502 ^P and H*, 521 fV & B), 505 (C & G) and 
516 (G & R) with medium intensity and 6*^8 (V & B ) and 634 (C & G) 
with very weak intensity. Both the lines represented by the above two 
sets of observations arc i>artially polarised. The corresponding infrared 
baud was located at 525 and 625 cm*' (weak) by T & H, 509 by Morris 
and also by P & W. The latter authors do not agree with the observa- 
tion of 625 band at all. T ^ H assign the 525 cm"' frequency to the 
C-C = 0 symmetric bending vibration. Morris, however, considers the 
426 cm~^ band should be assigned to this vibration on the ground that this 
vibration should have the lowest frequency in the molecule. The reason, 
however, is not correct for it is the torsional frequency corresponding 
to the internal rotation of C — H bond about C C bond that should 
be the lowest. Besides, P & W find the experimental behaviour 
of 426 cni*^ peculiar (the}’' claim that it was absent as checked by 
the staff of Shell Development Co.) and also that the higher value 
525 cm"^ should be preferred for calculations of heat capacity. This 
assignment satisfied the product lule also on comparison with the 
acetaldehyde-d4. T and H do not find the 426 cm"' baud at all. In fact, 
suggestions in this line will be taken up presently. Thus the evidence 
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seems to be in favour of 525 cm''\ However, there are no suggestions 
about the infrared band at 625 cm~^ (T & H) and the Raman lines at 
688 tV & B) and 634 (C & Gj. T & H consider 625 infrared and 
650 ? (Raman) as some kind of bending vibration. Both the frequencies 
562 and 527 cm * observed by us are very strong and conspicuous. If we 
associate this pair with 525 cm*^ (as C~C = 0 bending vibration) then there 
is an unusual rise in the value of ground state frequencies. The difference 
is 37 ciir\ (')ne way of explaining this discrepancy is to consider 525 
and 562 cm**^ as two rotational heads of the same band the former being 
outstanding in infrared and Raman spectra and the latter in ultraviolet. 
Another possibility is to consider the weak bands at 625 in infrared 
and 634 in Raman as the C-C = () bending frequencies. This assignment 
may not materially alter the consideration presented by P & W and 
others. However, this possibility is limited by the consideration that 
there is no unanimity about the existence of the band among various authors* 
We can only say that the 562 and 527 cm”^ frequencies observed by us 
can be reasonably ass-gned to the C~C==0 symmetric bending vibration 
with their infrared counterpart being either 525 or 625 cnr\ 

We now take up the pair of frequencies 449 cm“' (lower state) and 
390 (upper state). Both the bands are comparatively strong in the 
spectrum. No overtones could be found for 449 ; only one overtone at 
782 cur" was found for 390 cur". The shifts of 390 and 782 cm"" are 
not to be found repeating from successive 1125^5 thus justifying a 
relationship between themselves and a lack of connection with others. 
We are therefore inclined to consider the pair of 4^9 and 390 cm^" as 
the lower and upper state frequencies corresponding to the torsional 
mode of vibration. This vibration is due to hindered rotation of the 
non-methyl C — H bond about the C — C bond and belongs to the species 
Such a vibration is generally found to have the lowest value of all 
the fundamentals. T & H v\ere the only investigators who suggested 
that this frequency may be identified in its overtone at 852 (2 x 430) cm'"" 
the fu: damcntal itself not being observed either in Raman or in infrared 
spectra. They suggest that the torsional character may be responsible for 
the more complex rotational structure of the band at 852 cnr". Morris's 
measurement of a strong band is disputed by P & W, Further, his 
assignment of this 426 cm"" band as due to C~ C = 0 bending vibration 
has been shown earlier to be possibly wrong. In any case, we are inclined 
to confirm the suggeslioii of T & H that the torsional mode of vibration 
should lie in the region 4^852). In the low pressure vapour condition 
in which the ultraviolet spectra have to be studied, the tendency for the 
torsional mode of vibration may be expected to increase considerably, 
thus accounting for the intensity of the band. Besides, for such a low 
frequency the Boltzmann factor would be high even at room temperatures 
and enhance the intensity of absorption. If our assignment of 449 and 
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390 cni*^ is as the lower and upper state frequencies of the torsional 
mode of vibration, then our work is the only source of information about 
that frequency in the acetaldehyde molecule^. 

I^astly we take up the assignment of the pair of fundamentals 1222 
cm”^ (lower) and 1205 cm""’ (upper) as it Appears to l)e the least certain 
in our work. The main reasons for our treating them as fundamentals 
are the intensity of the bands and our inability to explain them otherwise. 
The frequency of the C — H wagging motion was fixed up at 1350 cm""^ 
by P&W and at 1121 enr' by Morris and 1114 cnrM^y T & H. 
In the analogous molecule propylene the ^aluc is 1207 cm“' and P&W 
consider their assignment as higher thai^' what ‘ is to be expected from 
comj>arison with propylene. But they chose 1350 cm^^ because it was 
nearer to 1114 as identified by T & H and Morris. (P&W assign 1114 
to C — C stretching frequency). Now the C — H wagging frequency in 
acetaldehyde can be comparable in magnitude with that in propylene and 
the weak band at 1222 cm~' (T & H) in infrared and 1270 (V & B) 
and 1207 (?) (G & R) in Raman effect may be probably assigned 
to this vibrational mode. If we take the value to be 1222 cm ' as given 
by T & H. then it will be much nearer the value to be expected from 
propylene and within the reasonable order of magnitude. Hence we 
suggest that 1222 cm~' and 1205 cm“^ may be treated as the lower and 
upper state frequencies of the C — H wagging mode. 

Remarks on the work of Walsh. 

Throughout the above discussion we did not make any mention of the 
work by Walsh on the near ultraviolet spectrum. The reason is that 
our approach to the problem is fundamentally different from his. His 
analysis is based on the assumption that the system involves moie than 
one transition and only a few bands cDuld be analysed. From the outset 
our efforts are directed towards interpreting this system as due to one 
transition and it is clear frotn our analysis that we succeeded. Our choice of 
the 0,0 band differs from his. The nature of the fundamentals as, observed 

by us, appears more meaningful. 

He claims to have identified four frequenciec 630, 779, 475 cm in 
the ground state and cm" in the upper state. The first two ground 

state frequencies are claimed to confirm the two fundamentals 625 and 
764 cm-‘ suggested by T & H. Both these are bending vibrations, 
625 of C-H rocking (A-) and 764 of CH, rocking (A'O. No corresponding 
upper state frequencies were suggested. From the discussion given by 
Walsh himself on the basis of the work of Morris and others we are inclined to 
consider these frequencies as accidental approximations to infrare^d 
frequencies of controversial assignment. The other frequency 475 cm 
was supposed to repeat itself in the far ultraviolet specti um u it 1 t le va ue 
481 cni-\ He associates it with the 525 cm"’ in infrared and considers 
it as being possibly due to in-plane C-C=0 bending. He also considers 

3— 852?— n 
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it significant that in the acetaldehyde spectrum a progression is found in 
a frequency other than that of C=0 stretching. This is contrary to the 
expectation that the near ultraviolet spectrum in acetaldehyde should owe 
its origin entirely to the C~ 0 . Our analysis is in complete conformity 
with this expectation. The outsanding frequencies in our analysis are 
1730 cm”’ in ground state and 1125 cm"* in the upper state definitely 
attributable to the C = 0 vibration. We may conclude by observing that 
the frequencies suggested by Walsh may be accidental numerical coinci- 
dences arising out of an improbable choice of the 0,0 baud. 

In his work on the far ultraviolet spectrum Walsh observed two 
regions 1820-1650 A.U. and below 1350 A.U., he did not give complete 
data of the measured bands. He considered the two regions as due to two 
transitions. In the first region he observed three frequencies 1200 cm"* 
(mean value of 1178 and 1221 cm-^, 750 cm’*’ and 350 cin*\ He found 
the vibrational structure complicated and difficult to interpret. Similar 
complications were found by him in the second region as tvell. He 
however, used his data primarily to obtain t!ie * ionisation potential as 
10.1811 ±0.0007 e.v. 

The only frequency he discussed was the 1200 cm"* in the region 
1820-1650 A.U. which he assigned to C = 0 frequency. There appears 
to be another view of this frequency, that it might be the C-H bending 
in the methyl group (lyawson and Duncan, 1944). An additional support 
for this latter view is the observation in CH3I (Sponer and Teller, 
1941). It was found that CH3 vibration is more conspicuous in far 
ultraviolet spectrum than Cl frequency. The petition is far from clear. 

On the other hand, we are not sure that on an independent and fresh 
approach to the problem, the far ultraviolet bands cannot be interpreted 
as a single system, A careful analysis of th.e vibrational structure may 
possibly lead us to this. It would be extremely profitable to make such an 
attempt. It is reasonable to expect the vibrational frequencies of the 
methyl group to predominate in such a scheme. 

ELECTRONIC STATEvS 

Pending a reinvestigation of the far ultraviolet bands it is not easy 
to comprehend the nature of the electronic states. However, a few remarks 
may find a place here. 

Mulliken (i935)> McMurray and Mulliken (1940) and McMurray (1941) 
have discussed the electronic structures of aldehydes and ketones in the light 
of which Walsh attempted an assignment of tra sitions* They designate 
a normal state, N, with the relevent electronic structure of the C »0 group as 
N : izty 

ffc— o (nonbonding lone pair of electrons in 
the O- atom). It is the y© and fr electrons that are responsible for the long- 
wavelength spectrum. 
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The three lowest posible excited states of the C = 0 may be represented as 


A ; 

UtY 

(#)* 

yo 

iH>) 

B : 

(zt)* 


yo 

iz't) 

and V : 

(zt)^ 

(H) 

(#) 

y' 


The transitions were supposed to be tjius N , AT B and N F 
of which N A is forbidden by electronic selection rules. AT B and 
AT F are allowed and so are more intense lhan N A. N V is more 
intense than N B. 

Walsh attributes the comparatively weaker near ultraviolet spectrum 
to AT and his vacuum ultraviolet spectiti to N B fiSoo A.U.) and 
N-^F (below 1650 A.U.). As expressed by Walsh himseU the only 
system in acetaldehyde that agrees at all w^ell with the predictions of 
McMurray aud Mtilliken as regards the intensity and position of the A" F 
transition is that at 1650 A.U. So, while there is a possibility that N V 
transition might be located correctly we are doubtful about the location 
of the N — >B and N — > A, The assignment of the near ultraviolet 
spectrum to a forbidden transition does not appear to be quite satisfactory 
for the following reasons. It is granted the absorption strength in this region 
does not appear to l)e large. However, the analysis of the bands shows 
all characteristics of an allowed transition. Thus, in our analysis, the 
0,0 band is one with medium intensity and only totally symmetric vibrations 
are identified as fundamentals, overtones and ccmibinations. The only 
exception is the torsional frequency belonging to the A" species the reasons 
for which are already given. Even in the analysis of Walsh the 0,0 band 
does exist : in fact it is very strong according to his notation. Besides 
he thinks that the near ultraviolet spectrum consists of multiple transitions. 
If so. what are the states connected with those different systems in that 
region ? He already attributes the spectrum in the 1800 A.U. region ':o 
N — > B transition. One possible explanation may be that state A is 
possibly a triplet. Apart from our work which establishes that it is not 
so, the approximate identification of C = 0 frequency by Eastw^ood and vSiiowr 
does not support such a view. For these reasons we are inclined to suggest 
that the present system in the near ultraviolet may be due to a single 
transit! von. 

In this connection, it is worthwhile quoting from Mullikeii (1935)* 
He discusses the various possibilities of the near ultraviolet spectra in 
aldehydes and ketones corresponding to an allowed or forbidden type of 
transition. The main reason for suggesting the forbidden transition was 
that these near ultraviolet systems are considerably weaker than their 
counterparts in the far ultraviolet. The ratio is suggested to be i : 300 
by Snow. MulHken opines that the ratio is actually not so very 
Urge. Cases are not lacking both in “diatomic and polyatomic molecules 
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where long wavelength bands are very much weaker than shorter 
wavelength bands even when there is no reason to believe that the electronic 
transition is barred by a selection rule. Hence the low intensity of the 
bands is not at all a conclusive evidence of a forbidden electronic transition ; 
if anything, the observed intensity is surprisingly high for such/* 
We may, however, add that in the later work by MulHken and McMurray 
(1940) the idea of the foi bidden transition is very much favoured. We wish 
to point out that the strongest bands in the system and long series of 
strong bands conform to the Franck-Condon principle and belong to the 
totally symmetric vibrations. This points to an allowed type of transition. 

In view of the above considerations it may be possible that the near 
ultraviolet spectrum may be due to an allowed type of transition. 

Any way, the question of electronic transition can be decided only 
after a fresh attempt at an analysis of the far ultraviolet bands is made. 
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ABSTRACTS MO calculations have lieen made on phthalccyanine and the permanent 
charge distribution has been correlated with the chemical reactivity of the different 
positions of the molecule. A prediction of the allowed spectral transition has also l>een 
made from the calculated energy levels of the ir-elcctrons 

I N R O I) U C T I O N 

In the recent years phthalocyanine has assumed great importance to 
the theoretical scientists. The molecule has been made visible under field 
emission electron microscope and its work function and ionization potential 
have been calculated (Gomer, 1952). In solid stale this compound shows 
intrinsic semi-conductivity and is the first organic compound in which band 
structure of the electronic energy levels have been established almost 
conclusively (Vartanyan, 1949 ; liley ct al, 1953). 

In the present paper we shall investigate the electronic structure of 
phthalocyanine using molecular orbital theory in its simplest form (Wheland, 
1945 ; Coulson, 1947). We shall attempt to interpret certain interesting 
features of this compound and correlate its chemical reactivity with the 
calculated ir-electron densities and permanent charge distribution in the 
molecule. In addition, the present paper shows how quantum mechanical 
calculations can be extended to as complex a molecule as phthalocyanine 
(figure I). Similar calculations have also been made by Tonguet-Higgins 
et al (1950) for porphine and tetrahydro porphine. 

THEORY 

The quanta! treatment of conjugated molecules depends upon the 
classification of the valency electrons. Carbon in its quadavalent state 
has the structure is*2S2p^. The 2$, 2 px and 2Py orbitals are hybridised to 
form so called trigonal or c-orbitals, while 2pt or ir-orbitals retain their 
individuality. The <r -orbitals are used to foim the frame work C-C and 
C-H bonds, and the ir-orbitals, one for each carbon atom, give the 
conjugated property. The usual quantal approximation to conjugated 
system is to treat the ir-electrons only. For a molecule containing 
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n ff-electrons moving in the field of a core, the Hamiltonian operator will 
be expressed in the form 


+ ... (i) 

a 

where ie^luj) is the electrostatic repulsion between ^-electron i and j, and 

Hcor»— ^Heore^i) ^ 2 / 

where HemtU) is the kinetic energy operator for electron i plus its potential 
energy operator in the field of the core 

Heo«(t) = T(i) + U ^3) 

Other than Tr-electrons are evinced only through the term Ueoreii). This is 
the so called ;r-eleclron approximation. 

We approximate the individual one electron wavefunctions by 

means of linear combination of the orbitals belonging to the difierent atoms 

(pj— ^cjki'k (4) 

The variation method shows that the best values of the coefficients cj^s are 
those which satisfy the equations 

i 

^^cjk(Hmk-^mhEj)—o = ••• (s) 


where I is the number of n-«electrons and 

Hmfc= f Hxl^kdr, Ay,k- ! ^m^^kdr 
and Ej is the energy of the 7 r-electron occupying the molecular orbital 
The condition for the solution of this set of equations is that their deter- 

menants vanish. The I roots of this secular equation, £=£>(1,2, /) gives 

the energies of the I molecular oibitals. 




H 22 '“^ 2 tEf ... 


16 ) 


... Hu-^uE I 

The values of Ej thus found are then substituted back into equation 
(5), from which the ratios of the values of the coefficients can be derived. 
The absolute magnitudes of the coefficients can be determined by the 
normalization condition / I. An electron occupying the molecular 

orbital % will spend a fraction of its time given by the expression [cjkl^ in 
the atomic orbital Consequeutly, the total average charge on the atom 
fe will be 

Cjfc — 2 ^ ^ I Cyjfc j ••• (7) 

where the summation is extended over all the occupied and e represents 
the charge of the electron. 

As usual in these calculation.s, we make the following assumptions with 
r^ard to the magnitudes of the various integrals involved : 
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Hkk jEo = Coulomb integral for carbon . 

H»aj=exchange iiitegral = ^, if and ^itare on adjacent atoms. 

= o, otherwise. 

Ajbfc=i, from normalizing condition. 

Awib — o, for ms/sfe —overlap integral.- 
With these assumptions the secular equations take the form 

E)Cr'^^2ipCt — o (8) 

npS }*on<lefl 

or more brieOy ( 

.vCr + '2^#=0 ‘ ... (g) 

where x — (Eo-E)IP (an energy paramet^). 

We make the additional assumption^! that B is same for all CC and CN 
bonds, and the Coulomb integral £„ is same for all atoms. Second 
assumption is not true ; nitrogen is mote electronegative than carbon and 
will certainly have a higer value for Coulomb integral. However, it is 
most convenient to begin by assuming all the Eo values equal and correct 
the resulting energy values later on. There are forty atoms constituting 
the conjugated system in phthalocyanine, so we get lo secular equations 
like (9), solution of which will give 40 roots for x. It is evident what a 
formidable task it will be to solve an equation of order forty. 

A P P Iv I c A 1' I O N OP' O R O 17 P THEORY 

High symmetry of phthalocyanine, however, enables us to break clown 
the 40th order equation into a number of smaller order equations by the 
application of group theory. The symmetry group of phthalocyanine is 
D4h. The 7 r.electron MO's are by definition all antisymmetric with respect 



Fig. I 

\p>lecular strnctnre of phthalocyanine 
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to tiiolecular plane, and therefore belong to the species A 
and Etf. MO species are shown diagrainalically in figure a. 
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Fig. 2 


Species A^u 

The secular equations for this species are 
(i) (jf + i)ci + C2**o 
(n’J XC2 + Cl + C3 = o 
iiti) (a: + l)cs + Ca + C4=o 
(iv) XC4 4 C3 + C3 + Cff = o 
(a») :rc5+2C4 = o 

(l^i) 2;C57+2C4=0 

from which we get the secular determinant 
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I 

I 

0 

0 

0 

0 

I 

A 

I 

0 

0 

I 

0 

I 

A- 4 - I 

I 

0 

0 

0 

0 

I 

A 

I 

0 

0 

0 

0 

2 

A' 

0 

0 

0 

0 

2 

0 

A' 


= o » A * + 2 x^ — 6.v^ — IT X'' + 5 A ® + 8.r 


This equation has six real roots, so there are 6 MO of species A2U with 
energies E = Eo‘+‘.x’^. The equation \va^ solved by ‘Pinch' method correct 
upto first decimal place. The values of 'a* arc given in Table I. The ratios 
of the coefficients r,- for each of the$e arc obtaiii4.d by substituting the 
appropriate values of a* back into the ejjuations ; and their absolute values 
are fixed by the condition that the MO be normalized, viz. 

-f 8r./ + 8c/ + 8c/ 4c/ +4^37 “ = t . 

Species B^u 

Secular equations for this species are 

(/) fA* + l)c, + C2 =0 
(ii) A'C2 + ri + C3 = o 
(Hi) (a' + i)c3 + Ca + C4 = o 
(Iv) A'C4 4 Ts + C3r = 0 
fr) AC37 + 2C4 = 0 

from which wc get the fifth order equation 

A‘*’ 4- SA*"* - 4X^ - 7.V* + 3A* -1-4 = 0 

which gives five real roots for a as given in Table I, The fact that c.,, etc., 
are zero means that the species satisfies the secular equations for an isolated 
phthalimide molecule. 

Species A lu 

Secular equations for this species are 

(1) Ia'— i) Cl + C2 = o 
(til .\Cj + c, + Ct = o 

(Hi) hr — ilca -I- r2 + r , =0 
(iv) XC 4 , + Ca = o 

from w'hich we get the fourth order equation 

A'^ - 2 A " — 2A** 4- 3A - I = o 

in w’hich .r has foiii real roots given in the Table T. 

Species B,u 

Secular equations for this species are 

0) (a— i)ci + C3-O 

(ii) XC2 -»■ Cl 4 03 = 0 
( Hi) (a - r ) Ts 4 - r 2 4 - r4 = o 

(iv) xc^’^ C3 + 

('t'i .rc6 4 2 r 4 = o 

trtwn which we get the fifth order equation 

a" — 2.r^ — 5X^ 4 * 6a* 4 - 4 a - 4 = o 


4w85aP— It 
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in which a: has five real roots as Riven in Table I. Since this species has 
nodal planes through the pyrole nitrogen atoms, they satisfy the secular 
equations for a twenty membered ring with symmetrically fused four 
phenyl nucleus 
Species Eg 

The MO species Eg occurs in degenerate pairs and though the energy 
of each pair is determinate, there is certain freedom of choice in the forms 
of the MO. We use the forms shown :n figure 2. The secular equation 
for this species are 


it) 

I'.v 4 - i)c, 4 - r2==o 

(vi) 

AT,. 4T;. 4 - f; =0 

Hi) 

•Tf 3 4 * r j + = 0 

irii) 

(a -i)c7 + r6 + rR = o 

iUi) 

(.V 1 )ra 4 - C2 4 - £-4 = 0 

iviii\ 

aTr + Cr 4 - c,, = o 

iiv) 


(ixf 

(a* “ I ir,, 4- (•r = o 

(t) .TCs + f, + fc = 0 

from which we Ret the ttnlli order equation 

ix) 

•vr37 + 2C« = o 


7.V* - i3.Y^ + i4.v‘' + 27.V ' 


I 7 Y* -I-3A-4 grro 


which gives 10 real roots for .v as shown in Table I. 


Table I 

Group species and energy parameters (.v) . 


1 

Ai^m 

B - i . 


1 

1 

i 


0 00 

— (.> 70 

-0.2Q 

! 1 

; 4-1.00 1 

•fo.5H 

*-0.50 

+097 

4-0.90 

+ » 95 

-I 00 



-0.97 

— 0.26 


j 4-2.90 

4 - 1 00 

— 2.62 

4-2.20 

-3.02 

+1.47 

j -165 

i 

--1.00 

4-182 

-2 40 

+ I.C8 


! i 

-1 20 


-1.80 I 

1 

i 


1 1 

-I 00 



It must be re-emphasised that the above values of the energy parameter 
have been calculated on the assumption that the nitrogen atoms and the 
carbon atoms all have the same Coulomb integral (£„). With this assumption 
in mind, let us calculate the electron densities at different positions of 
the molecule in its ground state. We have already defined this quantity as 

Cib=2e2U*t* 

summation being taken over 21 MO s of lowest energies, since this molecule 
has altogether 42 ^r-electrons and each energy states will be occupied by 
two electrons. Summing over these orbitals we get for electron densities 
the values given in Table II. In addition to electron densities there is 
another quantity used in determining the electronic structure of the molecule 
called mobile order of the bond (Coulson, i947h) and defined as pr%- 2 ^ CrCt 
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(mobile order of the bond r^). As a result of conjugation the bonds in 
the aromatic molecules become intermediate between pure single and double 
bond. They iray be described in terms of their mobile order p. The word 
‘mobile' denotes that the electrons responsible for unsaturation are free 
to move over the whole nuclear frame work. In the case of carbon-carbon 
bonds and other similar non-polar bonds, />=i denotes a pure double 
and /? = u denotes a pure single bond* If for any particular bond p lies 
in the range 0.3 to 0.7 the bond is neither single nor double and it will be 
expected to have properties similar, to a more or less extent, to those of 
the aromatic comj)ounds. The calcul^ited values for the mobile bond 
orders for the various bonds in phthalocyanine are also shov\n in I'able II. 


Tahi.e II 

Hlectron densities and mobile bond orders 


I -- r .00(1 
.> — 0.946 
.r 0*954 
^ o 864 
5 = 0.756 

57“-=i.2iH 


t 

1,36 = 0.60 

1.2 ~ 0.46 

2.3 =0.36 

3.4 =0-38 
3.34 = 0.43 

1.5 -0.36 
4,37-^-o.S5 


It may be noted from the Table IT that all the bonds have got bond 
orders intermediate between single and double bond, consequently there 
is extensive delocalization and the molecule is highly stabilized by resonance. 

It is interesting to note that the ^--electron density comes out highest 
on atoms 37, 3S, 39 and 40, (figure i) although no allowance has been 
made for the greater electronegativity of nitrogen compared to carbon. 
This suggests two things. First, that greater stability of phthalocyanine 
is largely due to the presence of nitrogen atoms at points in the skeleton, 
where for purely geometrical reason, the ;r-elcctrons tend to congregate. 
Secondly, this piling up of the electrons may reduce the electron affinity 
of nitrogen atoms to a value not very far from that of the carbon atoms, 
so it » not 8 bad approximation to set the Coulomb integral of the nitrogen 
atoms equal to that of carbon. It may. however, be observed that the 
.-electron density is lowest at 5. 23 and 32 (figure i) positions. 

Introduction of nitrogen atoms at these positions will tend to draw elections 
away from other parts of the molecule. Consequently it is expected that 
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although in porphine neglect of nitrogen electronegativity is permissible, 
for phthalocyanine this is rather a drastic approximation. 

CORRECTION E O R R E K C T R O N R G A T I V I T Y 

For this purpose we set Coulomb integral for nitrogen equal to Eo+8^, 
where 8 is a small positive number. Next we start with the parent 
hydrocarbon and find its electron densities and energy states as has been 
done. Replacement of CH by N or C by N* will alter some of the energy 
parameters upon which electron density depends. If the alteration of 
Coulomb integral be not large, we can use perturbation method, in which 
we expand both the energy E and the wavefunctions in rising power of 
8 (Wheland, IQ35 ; Coulson, 1647)- If we carry the procedure only as 
far as the first order, we obtain linear expressions which represent approxi- 
mately the variations of the different quantities in question for small 
values of 8. The familiar equation of the first order perturbation theory 
shows that the corresponding perturbed quantities are 
E' = / = £-!-/ 

and 

where H' is the part of the Hamiltonian operator which refers to the 
perturbation, such that 

iik*H'^idT-dBii fc = ( = 37, 38, 39, 40, 5, 14, 23 and 32 
— o, otherwise 

and the prime on the summation sign indicates that the term is 

ommitted. This procedure gives us for perturbed energy parameter (x') 

for each pertuibed MO. Now it has been shown by Wheland (1935) and 
Coulson (19471 that best value for 8 in the case of nitrogen is 2, which 
gives good agreement between the calculated electron density and chemical 
reactivity of the different positions of a nitrogen-containing system. When 
the energy parameters are thus corrected the new values obtained are given 
in Table III. 

Of these states 21 lowest ones will be occupied. When electron 
densities are calculated with these new energy values we get the results 
show’n in Table IV. 

The calculated electron densities can be correlated very well with the 
chemical reactivity of the compound. High electron densities at the 
carbon atoms (i) make the outside hydrogens easily replacible by halogens, 
sulfonic acid, phenyl, nitro and azo groups. Two inner hydrogens attached 
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Table III 
Energy paranietei . 


1 

Group species j 

Uncorrccted 

Corrected for 

Corrected for 

1 

1 

elect ronegati v i t y 

' ’ 1 

overlap 

B,. 

-3 O’ 

i 

— 12. <X) 

E, 

-2.62 

] - 1*45 

— 2.2^ 

At. 

-2.40 

CO 

0 

M 

1 

“4 If’ 


- r 8n 

, — I 16 

“• 1 <^'3 


-1.65 

-I 33 

- 2 

E. 

-1.50 

-0 go 

1 

1 “i-iS 


— 1.23 

! -1.23 

-1.77 

E. 

i —1.20 

1 —1 12 ' 

-I 55 

E, 

— 1. 00 

1 — 1 ,00 

“ 1-33 

e; 

— 1.00 

! — 1 .00 

- 1.33 

B.: 

— 1,00 

- 1. 00 

- 1*33 

Atm 

- 0.97 

1 -0.07 

1 

-1.27 

B,. 

— 0.70 

' -0.69 

1 - 0 84 

e; 

-0.59 

-0.77 

1 “*0.56 

1 

e. 

-0,50 

“O.75 

1 

; -0.64 

. 4 ,? 

0.00* 

i 0.00 

1 

1 o.uo 

1 

Bj, 

•f 0.29 

4-0.29 

4-0.31 

Bj. 

■*•‘’•75 

4-1.17 

-I-0.90 


4-0.90 

4 - 0.03 

+ '.70 


(All the E , states are doubly degenerate). 

Table IV 

Corrected electrons densities and bond orders 


Ck 

P 

I “ 1.074 

1, 3^^=''-46 

2-0.990 

I, 2 -=0.36 

3=0,962 

Ce* 

11 

0 

00 

4=0 922 

3, 4 =*0.36 

5=0.778 

4,5 =0.48 

37 = t 136 

4, 37=0.09 
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to nitrogen are replacable by such metals like Na, xMg, Ca, Cu, Cr, Fe, 
etc. lilectrou density is lowest at position 5, .so the oxidative degradation 
proceeds through this point with the production of p’ thaliinide and 
ammonium salt. 


CORK K C TIC) N I' OR ( ) V K R Iv A P 


In the above deduction for the permissible energy levels we have set 
^mk (overlap integral) eciual to zero. Wheland (1941) has shown that this 
has a value of about 0.25. Although introduction of this value makes 
very little difference in the permanent charge distribution, energy values 
are appreciably altered which introduces quite high error in the calculated 
frequency of absorption. It is, however, possible to introduce correction 
for overlap at this stage using the equation deduced by Wheland 


where 



‘hAmkX') ’ 


corrected energies are given in the column 4 of Tabic III. 


Prediction of n-electron transition spectra ‘ 

LCAO M(J calculations have been commonly used to predict the one 
or two longest wave length transition either in the visible or in the near 
ultraviolet region. The predictions have all been made by the following 
prescription : 

(1) Compute the roots, v, of the simple LCAO secular equation, 
neglecting overlap, and setting all Ko’s equal and all jS’s equal. 

(2) Set ^=32,000 cm'^ for short polyenes, p = 23,000 cm*' for ring 
system. 

(3) Lowest transition frequencies are then given approximately by 
[a: (low empty orbital) (high filled orbital)]/?, which is the 
energy of a one-electron jump. The polarizations will be determined 
by the symmetries of the initial and final orbitals. 

This procedure neglects ‘electron interactions' or ‘configuration 
interaction*. Analogy with the benzene spectrum and its interpretation 
shows that such interactions must be important. This interaction is 
one which changes the energies and wavefunctions of two neighbouring 
molecular states which have the same parity and symmetry. The familiar 
quantum mechanical result is that the total wavefunction of such states 
mix, so that such a state becomes a hybrid, the lower state has its energy 
lowered further and the upper state has its energy raised. These effects 
are stronger the closer the two states are together. If they have the same 
energy and mutually degenerate, in one electron approximation, as in 
benzene, the interaction removes the degeneracy and has an especially large 
effect. It is convenient to call spectra exhibiting strong configuration 



Molecular Orbital Calculation on Phthalocyanine 52 / 

iateraction round field spectra and those showing little interaction ‘long 
field’ spectra. 

A look at the table show? thatt he there i.« very little energy difference 
between the states 19, 20, 21 and 22. So there will be strong configurational 
interact'op between the highest filled level and lowest empty level so the 
molecule will give a ‘round field t ype of ii)ectii-.ni, and it is rather difficult 
to predict the frequency ' of absorption W the transition between these 
states. Tiansition between H,, and B.,„ and B,„ slate is. however, associated 
with appeciable energy change so the.sj transitions are allowed and w 111 be 
fairly strong. The values are listed in Table V, along with their 
degeneracy 

Taki,r V 


Transition 

l>e/?euernr\ 

Calculated frequency 


1 

1 

uncorrfcted enr’ 

1 corrected 

oni"' 


double 

20,470 ( 8qi8) 

21,620 

(946) 

Ki.-E, 

double 

1 

13.570 (.. 59 ^) 

14.720 

1 

(645, 


There is no recorded data in liteiatiire foi the absorption spectra of 
free pthalocyanine. The present calculations are just prediclions, B^v-F.,, 
band will be polaiized parallel and perpendicular to the long axis of the 
molecule. 
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ON THE RESOLVING POWER OF COMPOUND 
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ABSTRACT. The authors have calculated the resolving power of compound Fabry-pcrot 
etalon on both Rayleigh and Abbe criteria, taking into account the contribution of the 
tails of the indixidual intensity patterns of the two Itnes to the maziina of resultant 
intensity pattern 

INTRODUCTION 

Meissner (1942), in his calculation of the resolving power of the 
compound Fabry-Perot etalon on the Rayleigh ciiterion has neglected 
the contribution of the tails of individual intensity pittcrns of the two 
components to the central maxima of the resultant intensity pattern. Taking 
this into account the authors have calculated the resolving power of compound 
Fabry et ilon ou Rayleigh as well as Abbe criterion in this communication. 

INTENSITY CONSIDERATIONS 

Consider two ctalons of lengths D' and V where D'^pD” and p is an 
integer. The intensities due to the two elalons separately at a point whose 
order in the longer etalon is »o + ”> and the smaller one ino/p) + lnlp), where 
n^lp is an integer and n is small, is given by 

j > ^ £0 _ *0 

' i + F' sin® !r(no + n) 1 + .r® 

je , n - J"o 

‘ I + F" sin* Jt(no + n- A«)/^> i + bj;* 

where x=nF'*n and b=F" l/(F'p*. 

The intensity distribution due to the two etalons in tandem (Meissnei 
1942I is 

Ii—IolU+x*){t + hx*( ... (il 

The intensity distribution of another line, separated by an order An is 
given by 
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= + (A'-a)*}!! + b(A'~a)*} ... ( 2 ) 

Hence the resultant intensity pattern is given by 

= i ^ I . . 

lo lo + a“) (i + {1 + — a)®j{r + — a)^} 

J^egjecting shrinkage effect of close components the intensity maxima 
{x ^ o or a) and minimum ix — a/ 2 ) are given by 

0 

and 

Imm =2/1(1 + a?/4)fl + ba^/4}\ (5) 

/ 0 


C A L C 17 L A T I O N OF R E S O L V I N G P O W K R 


For limiting resolution 

/ mtn ~ clff^ax 

where c = o.8 and o.gSi for Rayleigh and Abbe criteria respectively. 
The resolving power is given by 


A = !*_!L 

dA An 


= - — ^n„F'^ 

a 


(7) 


In his solution of Eqn. (6) for c = o.S, Meissner has neglected the term 
i/(i + a^)(i + ba®) and he finally obtains 


v'la' 


I f 6 + \/ I t* 8 h 


T b’' 





5 — i 85 aP— n 


Fig. 1 Variation of « with b 
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The authors have solved Eqn. (6) for particular values of b (i.o, 0.9, 0.8, 
0.7, 0,6 and 0.5) and c=o.8 and 0.9S1 by the method of successive 
approximations. The high accuracy of the results obtained is evident from 
Tables I and II, which give the variation of a with b according to Rayleigh 
and Abbe criteria respectively. Table I also includes values of * calculated 
by Eqii. (6) due to Meissner, for comparison. The tables are illustrated 
by figure i , 


Tabi,b I 


Variation of * with h ou the Rayleigh criterion. 


h 

a* 

^mat 

f min 

1 


a 

1 (authors^ 

a 

(Meissner) 

1.0 

2,0 

1 lo/g 

1 «,''9 

! 

o.8o:o 

2.2:2 

1 

2.061 

0,9 

2.12 

1 1 

1 I . 1066 

0.8850 

1 

0.7998 

1 

! j 

2 f XK) 

0 8 

2.24 


0.8851 

0.800Q 

! 2.100 

1 

l.()S 4 

07 

2 36 1 

I. 1122 


0.8003 

I 2.046 

1,895 

0.6 

2 52 

I. 1131 

0.8914 

07999 

' 1.980 

r.8.v^ 

0-5 

370 I 

I. 1150 j 

1 

0.8915 j 

0.8005 

1 

1.913 



TablK II 

Variation of % with h on the Abbe criterion. 


b 

a* 

/ min 

/mux 

1 

1 

1 Imw/hnux 

* 

a 

1.0 ' 

1.20 

1.J834 

i.2o66 

0.9807 

2.86q 

0.9 

1.26 

1-1850 

1.2073 

0.9815 

2.800 

0.8 

1.332 

1.1848 

I 2076 

0.9811 

2.724 

0.7 

1.41 

1. 1861 

1 .2088 

0,9812 

2.646 

0,6 

1-5 i 

1.1874 

1.2105 

0 9800 

2.566 

0-5 

1 1.6 

I. 1905 

1 

I.2I37 

0.9809 1 

*484 
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BAND SPECTRUM OF CrF MOLECULE 
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Plates: :XIX A‘B 

ABSTRACT. Two banrl sys eni.s (I and II) attributable to CrF molecule were obtained 
in emission in a heavy current discharge in the regions w 42^0 — -14/0 A.IJ and 
AA 3S30- 4050 A.U respectively System I was interpreted as due to the electronic transition 
fin -->62 and System II as due to a transition **2— >*^2 with a common lower state. The 
w/' value is observed to be approximately 520 cnr*. 


1 NTR ODUCTION 

The band si)cctrum of CrCl molecule was studied by one of us 
(V. R. Rao) and K. R. Rao '1949) shown to be due to a transition 
«n— The sjiectrum of CrBr was also investigated by V. R. Rao (i949)- 
It was felt that if the spectrum of CrF molecule is also studied, a comparison 
between the characteristics of the spectra of different halides of chromium 
can be made. The transitions might be expected to be similar to that in 
CrCl. The rcjults of our study of the CrF spectra are described below. 


R X P R R I M K N T A 1 / 

The substance chromium fluoride supplied by ihomas Tyrei and Co. 
Undo.,, wa. ..»d in theae in.csli«a,io..a. T'.a =xP«iman,.l lachn^c 

was tho same as used ill the investigations on t.rCl and t'®' 

A charaeteristk discharge of bright yellow colon, ,s obtarnrf at cooo and 

0.8 amperes. Photog^phs are taken or. Illord 

Fttess instrument with a dispersion of to A/n,m. rn the ^ 

Exposures of about half an hour were required to record the sp etrm . ^ 

fhTTntlU of .he bands is very low, fbe, could no, be obtained on a 
higher dispersion instruniciit. 

1)K script I ON OP THR S PRC T RUM 

. cl CrR was excited by the generator discharge bauds 

When the vapour c,,_,voo A U. The region is also overlaid 

were obtained iu the region AA 4573 S'- • • ormins One of them 

.. a. • ii«PB Thev aooear in two different groups, une or inem, 

with strong atomic lin . . »» Aim ATI The second group 

U. the stronger one lies in the region AA 4230-4470 A.U. The secon g 
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(see figure 2 in Plate XIX U) which consists of four weak groups, lies in 
the region AA 3830 — 40J0 A.U. This appears to have a less complicated 
structure than the first group* 


ANALYSIS 

From the intensity distribution of the band groups and a comparison 
with allied halides, the bands could be divided into two system : (i) in 

the region AA 4467 — 4198 A.U. and (2) m the region Aa 3993 3840 A.U. 
The long wavelength system, hereafter referred to as System I, is of a 
very complex structure as in TiCl, MnCl and CrCl, etc. Possibly this 
is due to the transition ®n — System II, the one on the shorter wave- 
length side appears comparatively simpler and may be due to the transition 
— >'^ 2 . The lower S state is possibly common to both, 

The three states ® 2 , ‘’II and *2 may be derived as follows. The 
chromium atom with 6 efiFective electrons and the fluorine atom with 5 
effective electrons have the following electron configurations. 

Cr : is^ 25 * 2jf>® 35* 3/)* 3d‘’ 4 giving a as ground term, 

F : 15 * 25 * 2/>'’ giving a as ground term. 

In the molecule CrF the configuration 

<r^ cr jr® 8* 

gives a *2 term as in CrCl. The following configurations 

cr* 8*7r — and 

cr 7T* TTf TT^ 8* TT > ®2 

involving single and double electron excitation, give the two upper states 
noted against them. Transitions from these to the lower state *2 give two 
band systems with ®2 — >“®2 lying to the short wavelength side of *11 — >*2. 
The former has a simple structure as both states are 2 's. The latter l as 
a more complicated structure involving six multiplets of ®n state and some 
rotational branches (vide CrCl). 

It is necessary now to determine the forms of rotational heads to be 
expected in these bands. The formulae for individual forms of rotational 
heads are given in the paper on CrCl (Loc. cit). Following the steps given 
there, we find in red-degraded bands in which we can expect only the 

R, S, T and Q forms to form the heads. The Kh values are as follows. 


Form 

Q 

R 

S 

T 


Kh 

0 

SB'-Bf 
a(B -B») 

SB'-B" 

yB'-B" 



The possible theoretical transitions for this type of red-degraded batnls 
have hot been worked out earlier (the CrCl bands are violet degraded)* Thelisf 
of theoretical transitaons is given below. Each of the letters A to II represieislii 
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the various bauds that are not resolved and so found as one band. Thus 
corresponding to each v' v" transition we can expect 21 bands, some of them 
being multiplet components, and the others various forms of the rotational 
heftds. Table I gives for any particular v' t" transition the positions of the 
various bands in terms of the symbols A, to U. A structure like this can 
be held responsible for the very coibplicated appearance of the band 
system. The direction of the arrow (fable II/ indicates the increasing 
frequency. 


Tabi.k i 

List of theoretical transitions 


1 

A/ = 

1 

1 

— I 

Syii)b:il 
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Tablk II 
Multiplets 
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For an analysis of this type of bands we should have an approximate 
idea of the lower state vibrational frequencies and the multiplet s( paration 
factors. Table III gives a collection of the o)/ values for allied halides. 


Table III 

Lower state frecpiencies, to/ in some halides of the 
transition group of elements. 


I 

Ti Cr 

' 

Mn 

Fe 

Co Ni 

Fluoride 


5i‘^» 

O12 

— 

— 

740 

Chi ride 

' 

455 i 

292 

3SS 

405 

^01 

416 

Bromide 

- ! 

— 

29 ' » 

— 

3'»5 

31^ 


It would be seen that the chlorides of the various elements have their 
(*)/ values ranging between 300 cm'”' and 450 cm*”* increasing from chromium 
to nickel. Similar features exist in fluorides and bromides as well, as far 
as they are investigated. We can therefore expect that in chromium fluoride 
the coe" may lie in the region 500 — 600 cm"'. The multiplet separation 
factor (A) in chromium chloride was found to be nearly 46 cm"*^ while in 
chromium bromide it was suggested that it migh^ be about 52 cm’"\ It is 
known that this A factor should decrease from a bromide to a chloride. So 
in chromium fluoride it might be betw^een 30 cm"^ and 40 ciirL We expect 
six multiplet components in chromium fluoride corresponding to the *11 level. 
If the above orders of magnitude are correct then 6x35 = 210 cm"* or a 
maximum of 300 cm”"’ appears to be the spread of the multiplet. This is less 
than the value of o)/ predicted earlier. So an overlap of the vibrational 
structure and multiplet structure need not be expected. 

During our attempts of analysis the presence of strong lines in the whole 
region of the spectrum proved a great handicap. They appear to have 
obscured quite a few important bauds. Besides, their presence in the 
immediate proximity of a band gives anamolous impressions about relative 
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intensities. Under the circumstances the assignments given in Table TV for 
System I and Table IV for System II appear to be reasonable. The features 
of this analysis are described below. 

S Y S T R MU 

In Table IV about 19 bands that couW be definitely distinguished from 
lines are given. 8 bauds could be analysed as forming two sequences (^*^ = 0 
and — i) as shown in the Oeslander's schemei Table V). The A'y = + i sequence 
was in the region below 3840 A.U. and the appearance of the bands in this 
region is not very definite. Hence we might conclude that the sequence is very 
weak in intensity and does not manifest itself. This, feature seems to be shared 
by System I as well as will be pointed' out later. The ground state 
differences are of the order of 525 cin”^ while the upper state differences 

Table IV 

Catalogue of CrF band-heads. System II 


Wavelength 

A.U. 

Wavenumber j 

cm"* ; 

Intensity i 

j 

v ' v '* 

39 Q 3 5 

25034 

I 


3987-4 

25072 I 

2 


3984.4 

25 '-’ 9 > 

7 


3078.8 

25126 

I 


3975.4 

35148 

2 


3969.8 

2.5183 

I 


3959 - S 

:; 52 - 4 Q 

0 


3938.5 

25383 

3 


3933-8 

25414 

6 

3,4 

3955-3 

25.169 

0 

1,2 

39 **.^ 

25493 

5 

0,1 

3899-* 

2c63<) 

2 


.38958 

25661 

I 


3882.3 

25751 

I 

1 


38769 

257^7 ! 

1 I 


3860.2 

25S98 

3 

4.4 

3854-4 

25937 

2 

3.3 

3850.2 

25965 

3 

2,2 

3846.6 

25990 

2 


3841.7 

26023 

6 

o/y 
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Tabi,e V 



appear to be about 490 cm~*. The development of the sequences instead 
of progressions is a comparison to the similar case in the corresponding 
system in TiCl (Rao, 1949) 

From the spectrogram (figure 2I it appears that Av— — 1 sequence looks 
stronger than the Av = o sequence. Part of this intensity may be attributed 
to the strong atomic lines present in this region. Besides, no progress could 
be achieved with our attempts to locate at the (0,0) band in this apparently 
more intense group; aAv=-i sequence could not be located 
consistent with the red-degradation of the bands (<■>,' <(d,*'k The analysis 
presented here is the only one that satisfied all the above requirements, 
besides those demanded by an analysis of System I as well. 

This following approximate values may be assigned to the various 
vibrational constants and v, for this system. 
v«=a6o4i cm"* o>/— 499.9 cm~‘ x/ a>/ = i.g cin~‘ 

">«"=S35-6 cni“’ x/ w/*=8.78 cm’'* 

This simple band system may be attributed to the transition * 2 — >* 2 . 

SYSTEM I 

This system occurs in three groups in the region AX 4199-4467 A.U. 
of which the one on the short wavelength side is the strongest. As a 
starting point in the analysis regularities in these band groups of the order 
of 35 cm"* (as predicted earlier) have been attempted and sorted out in each 
of these groups. The frequency shifts vary between 27 cm"* and 37 cm"* 
and may considered as the multiplet separations with a mean value of 32 
cm"*. Connected w'ith the above bands are also some additional bands 
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with frequency shifts of about i8 This may be considered as the 

shift between the various rotational forms of the same multiplet component. 
The corresponding value inCrCl varies between 5 and 17 cm“^ with increasing 
shifts from Q to P, P to 0 and 0 f o N forms. If we expect in CrF a 
similar increasing tendency with higher ^r ms (Q to P), we might consider 
the comparatively high value of 18 cm"^* as the separation between S and T 
forms. Bands wuth smaller separations |have not been found. They are 
either submerged by atomic lines or not resolved. 

Table fl 

Catalogue of CrF band^heads. Syeteni I 



Accptiw thes. sroup. a.d Ultog .he differehees he.w«,n cprreepoh- 

d.hg h.hde.„ .he deOhPe - 

magnLde as the value we obtain for the first lower state difference m 

System II. Thus our expectation that both the systems ^ 

^ The first group therefore is the 

‘”‘p‘ i;.heU.M group be»,e«. 

group and the second one is the k v 


6.-1853P--11 
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A. 4400 A.U. and A 4467 A.U., a few more bands could be indentified as 
belonging to Ad = - 2 group. Table VI contains these bands with their 
assignments. For the nieaniug of the symbols E, I, Q, U etc. reference 
may be made to Table 11 . It would be seen from this table that only a few 
bands could be identified as belonging to {1,1) group in the Ad = o group. 
Such fragmentary identifications for higher members of the sequence are 
not uncommon in these complex spectra. The Ad= + i group is not 
definitely observed in the s])ectruni. The nature of a few very weak bands 
in the possible region is doubtful. I'his feature is shared by System II as 
well. The ui)per state vibrational frequency could therefore he fixed up 
at about 338 cm"’. This is smaller than tlie lower .state frequency and 
consistent with the red-degradation of the bands. '1‘he Deslander scheme of 
intervals in (0,0) group is given in Table VII 


Tablk VII 

Intervals in the (0,0) grou]) 



This analysis may be considered to satisfy the requirements of the 
transition * 11 — The coupling constant has a value of about 35 cm“\ 
with J38 cm"' and 510 cm~'. 
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ANALYSIS OF THE RELAXATION PERIOD 
OF A MULTIVIBRATOR 

h 
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ABSTRACT. An improved inathenialkal inalysis of the relaxation periods of a free 
running symmetrical multivibrator has been made showing expressions for different 
electrode potentials and time periods. The theoretical values obtained have been compared 
with experimental data, part of which is also pre.sented here. 


INTRO 1 ) U C T 1 O N 

As a result of the many common as well as specialized applications of 
the multivibrator circuits and their derivatives, a large number of papers 
have appeared on the subject in recent years. The analyses made generally 
pertain either to the relaxation periods (e.g. Kiebert and Ingbsli, 1945I or 
to the switching periods between two states of passive relaxation (e.g. 
Williams el al, 1950 ; Rais Ahmed, 1950). However, it is noticed that 
although the voltages obtained in the relaxation period are used as boundary 
conditions in the switching period, it is not always possible to carry over the 
assumptions implicit in one analysis into the other. Tor example, with 
reference to tlic waveforms shown in figure 2, the maximum negative grid 
voltage appearing at the gri 1 has to be computed without ignoring the positive 

drive of the other grid, and the voltage division between the shunting and 

coupling capacitances. A common relaxation analysis assuming no positive 
grid swing and negligible shunting capacitance will lead not only to 
erroneous values of the relaxation period but also to unreliable boundary 
conditions for the switching period, especially for high frequency 

niultmbrators.es^^t shortcomings of the older discussions 

have been removed so that the results can be safely applied to the more 
minute observations of the switching period. 

THE ANALYSIS 


e. = positive swing of the grid voltage, 

Eco = static cut-off grid voltage for supply potential h,, 

-..nee Kn w.cn .he vo...,e 
of the tube is sero wllh eonpling condenser removed, 
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Ey = voltage drop across Rl when the grid, voltage of the sanje 
tube is Be, 

Cl and C2 are shunting capacitances from plate to cathode and grid to 
cathode respectively of each tube, 
egm = maximum negative grid voltage, 
tp = plate resistance of the tube, and 
k == non-linearity factor of the tube characteristic. 

With the notations indicated in figures i and 2, Rn and the current 
through the load resistance Rl, namely ho will be * 


Tp-\-RL* 



il) 


The voltage Ei is greater than Eo because of the fact that a greater 
current hi flows through Rr, when the grid of the tube is positive. The 
current in the tube is then 


hi 


flCe + Eb-K 
Tp 4 Rt, 


and £, = ( Rt. la) 

where /x stands for gm^pf both the latter factors having a value different 
from the normal value of the tube transconductance and plate resistance 
when taken in the region of positive grid drive. Since the difference in the 
value of /x is usually not more than 15 % of the normal mean value, this 
difference may be ignored (when ec is large /a decreases sharply). The 
grid voltage ec can be found from the equivalent circuit of figure 3 which 
represents the conditions just at the instant when the grid voltage jumps 
from to ec, the positive value. 

At the instant Tj (figure 2), the tube V2 begins to conduct and Vi is 
suddenly cut off. Just before Vi was conducting and its plate voltage 
was Eb-Eo, so that the condenser was charged to at the plate side 

of the tube Vi, and to — Eoo at the grid side of V2, because V2 just reaches 
cut-off at that instant, so that the condenser was charged to (Eft- £©+ £«,) 
volts. 

From a consideration of the total driving voltage and the potential 
drop in the parallel combination of tg and Rg of figure 3, we get 

iEb-iEb-Eo + E^)]T'a 

Rt + r'ff 

where r,=grid cathode resistance of V, when it is conducting 


fg^Rg 


or 


Rf*-r>g 


and 


... (3) 
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Fig. 1. A symnietnc^ multivibrator 





FiO. 2. The voltage waveform of a symmetrical multivibrator 



Fig. 3. Equivalent circuit for the calculation 
of the positive giid drive 
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If Eo is substituted in (3) from (i), we obtain 

r 1 

„ _L_ Tp + Rl I 


or 


f(! = 


[KjJ Eh — K ) rp )En,]r 'ff 


(RT.+ r',)(RL+ip) 

On substitution of (4) in (2), we find 


E,- 


Rt. 




RiiF.h — K) ~ fp'Fc, \ , _ _,'l 


(Rt + r\ /) Rt + 

Rr, + Tp 


... (4) 


or 




(Rr rp)£«.j+ i/i(,-7v)(r,,+ Rt)(Rt t r'gi] f.i 

/n . "" ' - “ ... 


(Rl + r,>/'*(AV. + r"^) 


It is obvious that when the shunting capacitance C2 ivS small compared to the 
coupling capacitance G, the voltage Ei is also cquid to C/mt* At higher 
frequencies, where C'2 is not negligible, the maximum negative grid voltage 
is given by 




Hi 


(6) 


The above equation will give an idea of the maximum possible frequency 
attainable by the multivibrator. So long as Cf/in— the 

multivibrator will oscillate. When is so large compared with G that 
is less than Am, the multivibrator will stop oscillating. 

Once the maximum negative giid voltage is known accurately, the 
period of relaxation can be calculated from the equivalent circuit of figure 4. 



Fro. 4. Equivalent' circuit for the calculation 
of relaxation time. 

The equations for the circuit are : 
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Tp+Ri, G. ’ g: 


at the junction A, 



r . i^SsZSv'i 

_ __ 

c, - 

Ci 

C, 



di 


it 

Rnji 

^ 1 1 * 
dt Rr.j, 


or 

cJ‘; 

dei 

dt 

II 

^ dCy 
" dt 


'■ 7 ) 

and at the junction B, 



\ 





/ ’ d(ei ~ Ctj) 

^ — — 

= <^'2 


if 




dt 


df j, R, 



or 

^ c —j — C c 

(It 


+ C, 

di 

j. ^0 


(8) 


Denoting d/df by p, (7) and (S) become 

Cepe I + ('ipCi ‘H CiGi = CepBy 
Cepei = ( 'epe^ + C.j^pCy 6'/; 

or ipCc^pC\ + i;,)e,-pCeey-=o 

Cepe I ~ (pCc + /?C’2 + (.r3)ej; = o 

From (9) and (10) \vc get (i>CVi + (rj/i/jCa + ^^2) -/’'C;“==o 
where = Ce ^ C\ and Ces = O + C2 

or p rjC (*2 ^ Cc"J + /)( (1 2 “t C ci(jf 1) (t 1G2 — ' 


(9J 

(lOj 


(11) 


so 


P PI ^*2 ^ C 2 Gj^ d: <*lt J 2 t- ^ 2 ( 1 1 )“ -• 4(6 «;iCc 2 "* ^C^)Cri (r 2 ]^^“ 

2(CaC'«2*-C"’) 


The above tw^o values of p may b(‘ denoted by -a and -fi. The grid voltage 
during the relaxation period may now be written as : 

€y-=Ae-^^ + Bc''^^ ... {12) 

where A and B are the constants which are to be determined by the boundary 
conditions that : 


and 

Thus at f=o 


(ii) 


ii) Cff-egm^i i — o, 
— ^ =0 at < =0. 


dt 


e ffui — A "i" B 


dcff 

dt 


= o = ^a + J3fi 


The above equations give A = = 

a “* p a p 
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After substituting the values A and fi in (12), we obtain 


... (13) 

By putting eg^Eeo in this expression, the time required by the grid voltage 
to go from its most negative value to the tube current cut-off voltage Em 
can be found. In this way the relaxation time is found with positive grid 
drive as well as shunting capacitances taken into account. 

There are two special cases of interest. 

Case 1. When — and Cci = Cfl=C'cai Kqn. fiii becomes 

pCeiGi + tT2) + GjGa’^o 
^ ~ GI G2 ^ I 

((ri+G^jCc (Rlp"^ Rg)Cc 

or 

In this case from (6), ; and at t=o, eg-Cgm-Eo, 

so that je, 

and relaxation time In ~ 

Rr. -f- fp j hvo 

This is the conventional formula. 

Case II. When Ci = o, Rr,p-o ; Eqn. (ti) becomes 

/)(C,.+ Cj)Rp+i = o, or 

1 C <• i" C 2 / K f/ 

^ C (t'^• +^2) ^ 

when f = o, e^ = gem= A = - ~r^— E, 

C r C 2 


or ^ «a:__jL!L E e 

" cTTc: ‘ 

C E 

In this case the relaxation time = (Ce-^Cz^Rg In - ^ 

L (-'2 Eeo 

This is the formula given by Puckles (1951). 

The practical method of calculating the relaxation time is given below’. 
Suppose in a particular case C«*»2oo mmf, Ci^so mmf. C*=so mmf. ; 
Cii — Cet — iSo inmf. ; J?7,= iooKfl; rp=8Kfl ; R/.p—y x 10' 

= i/G, ; epm=96v. (measured) ; Em^g.sv. 

(.’«iC'ej-C/=22.5 ^ 10”** ; Ce,Ga + C«*G, = 35.96 X 10”*® ; 
and G,Gj=i.43 x 10“’® 

Equation (it) becomes 22.5 x io"*y +35.96 x io~”/) + 1.43 x io”*®**© 

or X- -35-961.35.78 

45 X 10"* 
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which gives a = - 4 x lo® and ; 3 = - 1.594 x 10* 

Smce I . K I » I ; a„d = , 

Relaxation time = ^ — In =575 microseconds 

4 X lo 9.5 

The time period will be tw-ice the itelaxatioii time and so is 1150 
microseconds. An experinieutal value in this case was found to be 
1020 microseconds. 

Fy X P E R T M R N T A L R K S U R T S 

A double beam Cossor oscillograph was used to measure the dififeient 
electrode potentials and lime periods. The measurement of lime was 
checked by means of a standard oscillator. 


Table I 

E&=irov , Rl=^ looKil ; Ru=^i M 11 ; tube 6C5 ; C\ — o; Ca = 46 mmf. 


C, in iiiiiif 

Kq in volts 

El in volts 

in volts 

in volts (cal ) 

1000 

84 

94 

Q-J i 

QO.O 

500 

86 

94 

87 

86.j_ 

35 *^ 


J- 

94 

80 

79-3 

100 


94 

68 

f'> 4.3 

50 

86 

9*1 

44 

4S.9 

25 

86 

94 

t 

30 

33 -'' 


By applying formula (6) in the first observation the value of 62 was 
found to be 46 mmf. This value of C2 was used in the calculation of eg^ 
for different values of the coupling condenser. 

Equation (6) was further verified by taking a fixed value of f and 
observing the variation of Cgm with Co. 


Table II 


! 

C2 in mmf. 

El in volts 

Eq in volts 

c,j„, ill volts 

mm 

550 

120 

111 

33 

32,0 

350 

120 

III 

45 

43 6 

250 

120 

III 

57 

: 53-4 

150 

120 

III 

7O 

68.5 

50 

J 20 

III 

96 

1' 96.0 


7— iSsaP—ii 
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The constans for this set of observations were £6 = 150 v., tube 6 Cs ; 
Rff=i megohm., Rl — 100 Kf 2 and Cc=2oo mmf. The value of C2 inherent 
in the circuit was estimated from the last reading when no external shunting 
capacitance was used, and was calculated on the basis of equation (6). 

Table III 


£6=I5ov., tube 6C5 ; Kl = looKfl ; 1 ?^= I megohm., r^, = 8Kil; Co=20o mmf. 
Cl = 50 mmf. (assumed) ; r stands for time period in microseconds. 


Ca in mmf. 

in volts 

in volts 

1 T uIjS, 

T cal 

550 

33 

95 

1 

J750 

188.J 

350 

45 

95 

J500 

1 1620 

250 

57 

9 5 

1 1450 

1598 

150 

70 

9.5 

1200 

I»28o 

5 ^^ 

96 

9 -S 

1 1020 

ii 5 <^ 


Table IV 

£6=130 v. ; tube 6SN7 ; £l = 2oKO ; Rg^i megohm ; rp==8KQ ; 
C2=8ommf ; ^1 = 50 mmf (assumed); r/2 measured in microseconds 


= relaxation period. 


C« in mmf. 

El in volts 

in volts 

i 

I E,* in volts 

r/2 obs. 

t/ 2 cal. 

1000 

92 ^ 

85 

8 

2500 

2510 

500 

92 

80 

8 

1350 

1298 

250 

92 

68 

8 

550 

611 

100 

92 

56 

8 

340 

328 

59 

90 

37 

8 

130 

137 

25 

90 

21 

8 

70 

86 


Table V 

£6= 125 v. ; tube 6C5 ; Rg—i megohm ; /^= 1000 ohm ; rj,« to K 12 ; 
£o» = 6 v. ; fe = i5 V,; Ca=5oo mmf.; nearly 10. 


Rl in Kn 

1 

Eq ob& 
in volts 

I Eg cal. 

' in volts 

Ej obs, 
in volts 

El cal 
in volts 

e, obs. 

Cc cal. 

100 

83 

100 

94 

109 

I 5 

i.S 

30 

70 

82 

92 

100 

30 

2 4 

10 

50 

55 

78 

77 

50 

4.5 

5 

30 

36 

00 

54 

5*0 

5-1 

2 

18 

18 

38 

28 

3.0 

40 







Analysis of the Relaxation Period of a Multivibrator 541 

CONCLUSION 

It can be concluded from these tables that the set of equations derived 
here gives a reliable manner of calculating the relaxation period and the 
various electrode voltages of a multivibrator running at fairly high 
frequencies. These equations, thercfofe, can be safely taken to yield the 
boundary conditions for an accurate determination of the switching periods 

in a multivibrator. ^ 

1 
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ON DEPE.NDENCE OF RESOLVING POWER OF FABRY- 
PEROT ETALON, LUiVlMER-CEHRCKE PLATE AND 
TRANSMISSION ECHE|.ON ON STAGE 
OF RESOLUTION* 

u 

By SHASHANKA vSH^KHAR xMITRA 

DEP*RTif«Nt OK Physics, AiuhadaI) University, Aimhabao 

{deceived lor publicatioH,f July 3 /, 1954 ) 

ABSTRACT. I he dependence of the nsolvinf^ p3vvcr cn the stage of resolution 
desired and the detecting in-truinent available has been studied for the case of Fabry- 
Perot etalon, I/ummer*Gehrcke plate and tfansmission echelo 1 in luding the absorption 
by the material of the last two instiuraents. Tables and graphs have been given to show 
the dependence. 

INTRODUCTION 

Ditchburn (ic)3o'* has pointed out that the value of Juuh./J max. ( = c) of a 
spectral pattern at limiting resolution chosen for the calculation of resolving 
power of an optical instrument decides the stage of resolution desired by a 
detecting instrument. Using a microphotometer he was able to distinguish 
between three important stages of resolution : 

Stage of resolution c = //max. 

(1) Detection of inhomogeniety in radiation o.q8 

tii) Approximate measurement of wavelength and 

relative intensities o.S 

(iii) Accurate measurement of wavelength and 

relative intensities 0.4 

Sharma and Sodha (1954) have studied the variation of resolving power 
of grating, prism and reflecting echelon with c, which is characteristic of 
the stage of the resolution desired and the detecting instrument used. 
This paper presents a similar study for Fabry-Perot etalon, Luinmer- 
Oehreke plate and transmission eclielon. 

UABRY.PEROT RT.VLON 
The intensity pattern in Fabry-Perot etalon is given by 

r _ h = 

* I + F sin*i7 (ko+ h) i+A'"’ 

where, F is the coefficient of fineness, n» + m is the order, n„ being an integer 
and n a fraction and .V^irwF*. 

The intensity pattern of another line separated by a small order Aa is 
given by 


* Communicated b.v Dr. K. Slajumdar 
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I + j*' siirff(n, +« - Ah) i + fA'-a)^ 

where (t = -AhF^ The resultant intensity pattern is given by 




... tl) 


The maxima (X*ss<o or a) and minimum (-V = /i/ 2) of the resultant intensity 
pattern arc j*iven by 


i+fl- 


... (2) 


/mill ga _ ^ :r- 

I„ 1 +a-U 4 + «“ 

Putting the criterion 

/min. / /mnv. “ C 

for limiting resolution we get, 

8(1 + — c(4 + ^®)(2 + 

Considering only the positive root of the above ecpiation one gets 
-j V (4-3r)^4-8f 


The resolving power is given by : 


d\ An a 


(.1) 

< 4 > 

(5) 

(6) 

(7) 


Table 1 and figure i illustrate the variation of a with c . The values of 
a for f = .8 and .981 corresponding to Rayleigh and Abbe criteria are the 
same as given by Meissner (1941) and Sodlia (1953a). 

Table I 





dependence oj Resolving Power, etc. 
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The expression for intensity of an eiuerging beam system of a I,ummer- 
Gehrcke p!ate is given by (Gehicke, iyo6 and Candler, 1951). 


7=/ {(i ~i?'^’)° + 4^'^'siu~N?/ 2} (i-/?) 

" (i-/e)" + 4R sin'->/2 


(8) 


symbols having their usual meanings. Putting F=4R/(i-B)“ and 
Fv = 4R''/(r equation (8) is simplified to 


I ^ {i-R^f 
(i-R) 

The intensity h at the centre 


h= 


1 +F,v sin^iV<p/ 2 
i + F sin*?/ 2 

of the fringe (?=o) is given by 
1 


(8a) 


... (9I 


If 7, and h, represent the intensities at ? and 2 ? then the ratio /,mn./7m*x. 
is given by 
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Combining equations Uo), (9), (Sa) and (4) we get 

I + ^ = 2 i-t-Fiv sin^iV9/ 2 

i+F sin*9 r’ 1 + sin*<p/2 


or 


2h’^F\ sin^N9/2)(i h-F sin“9) _ / \ 

(i+F siii“9/2)f2 + Z^Y sin’‘*iV9 + Z'’ sni^ 9 ) 

This equation may be solved by giving particulai values to R and N and 
the general solution can be written as 


9 = 


Ne 


(12) 


Ne being the effective number of beams. 

The resolving pov\er is given by the expression (Williams, 1950): 



2t 

cos f 



^13) 


Tables II and III record the values M r for 
a particular N value ( = 50), for 7 ^ = .9 and .8 
F®=. 9, the value of Fa =.021 and F = 36o and 
F=8o. 


different values of Ne, for 
respect i vely . When N = 50, 
when .8, Fa == .0001 and 


Tabi^e II 
/^-. 9 , iV = 50 


Nr 

10 

35 

30 

25 

20 

15 

30 

9 


S* 8 ' 34 ‘ 

6“ 


9" 

12" 

3 ^ 

c 

.9961 

•9315 

■«393 

.71.S8 

• 5 <i 9.3 

, 3 ^^o 

.2025 




Table III 







il 

.V = 5o 




Nr 1 

i 

20 

IcV 

35 

1. 

i 10 

1 

8 " 

5 

•c i 

1 

1 

! 

1 

1 " 

12* 

• 5 * 

I 

38" i 

*c.- 

CM 

36* 


1.0 

1 .C )<^33 

1 

.S718 

•7313 

.6063 1 

•4583 

. 3 S 37 


In ffgute 2- Ne has been plotted against c, similar other graphs and tables 
can be prepared for different N and R values* 
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Consideriug the absorption by the material of the Luniiner-Oehrcke 
l>latc the intensity expression becomes (Sodba, 1952) 

“ ' Ti - KM)’ + 4RA/ sm“9 /'a 

where = being intensity afesorption coefficient. In Sodha's 

original note there was no (i — RA/) term in the numerator since he 
neglected the initial reflection. This ex|t>r jssion differs from (8) only in 
having (RM) instead of R and hence assigning particular values also for M, 
iV. -r graphs can be drawn. 

T R A N 8 M 1 s vS 1 t) N C H K L ( ) N 

The expression for intensity in case of the Michelson echelon is given 
by (vSodha, 1953^’) 

/ = r (1 - N9/ 2 . V 

The expression ^15) differs from ‘'8) only in having M instead of R, hence 
Tables II and 111 and figure 2 may be used in this case also byreplacing 
by M. 
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THE BAND SPECTRUM OF TELLURIUM IN 
THE VISIBLE 

By N. DURGA PRASAD and P. TIRUVENGANNA RAO 
Physics Dkpartmknt, Anouka Univi-ksitv. Waltaik 

[lU'ceived joi publication, 

Plates XXA-P 

ABSTRACT. Ihc band spcctruni tellurium in the visible re^’ion v\a^ reinvestigated, 
llie well -resolved fluctuation bands, analysed by Desirant and Minne into two 

separate systems lia\e been found to belong to the principal sysleni. The following 
vibrational constants were di-rived for the principal system. 

w, " = 251.0 A'."«r" = 0,56 

y. =22709 

w/ = 163.0 .r,'w/ = o.96 

The analysis is confirmed from consideiations of isotope effect, 

I N 'J' R ( ) D U (' r I 0 N 

Preliminary inve.sligatioiis uii the molecular spectra of sixth group 
elements, sulphur, selenium and tellurium were confined to fluorescence 
and ab.sorptiou- Rosen (1927) vt'as the first to propose the vibrational 
analyses for the spectra of these molecules, studied by him iu resonance, 
fluorescence and absorption liach one of these was found to give rise to 
an extensive system described as the principal system. 

Of these thiee molecules the spectrum of selenium was most extensively 
studied In the neai ultraviolet and visible regions, this spectrum was 
found to consist of a large number of bands obtained both in emission and 
m absorption. Prior to 1937, these bands have been arranged into seven 
different systems. The system of fluctuations extending from A4900 -'A5950, 
according to Rosen and Montfort (1936) is represented by the formula 

^=10891 -»-5o»'-o.i?/ ‘-362w''d ... (i) 

A definite advance of our knowledge of the spectrum of selenium was 
made by Asuudi and Parti (1937^ uho arranged these bands into two separate 
systems. All the bands except those found in absorption by Moraezewska 
(1930) and by Rosen and Montfort (1936) in emission were arranged into 
one single system. The system of fluctuations of Rosen and Montfort is 
included as a part of this system, which is analogous to the extensive main 
system of sulphur. Thus according to him only two systems ofi Scj exist ; 
pnoj the principal system observed in emission and absorption and the other, 
the new emission system of Rosen and Montfort fA6ooo~A66oo). 
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Rosen, in 1939, reinvestij?ated the spectrum of selenium in emissioni 
absorption and fluorescence and taking into account of the selenium isotope 
effect found that the well-resolved bands in the fluctuation groups 
(^5250 *“-^5900) could be assigned to r" ground state progressions (with 

7,8,9, and 10) of the main system. He, however, maintained that the 
unresolved patches in the fluctuation groups arise in a different electronic 
transition. 

The spectrum of tellurium bears a striking resemblance to that of 
selenium but was not so extensively studied. The spectrum, as reported 
by Rosen and others, in fluorescence and absorption consists of bands 
extending from A3800--A5660 comprising of one single system and is 
represented by the forinnla 

v= 22714 +164 (i»' + A) - i.o + + ... (2) 

Some broad diffuse bauds were recorded on the red side of A5660f in 
fluorescence and in absorption (at higher temperatures) and were found to be 
resolved into fine narrow bands under higher dispersion instruments. 

Olsson (1935) in an investigation of the emission spectrum of telluiium 
in the region A390o-'A49oo in an ordinary electric discharge found that the 
diffuse bands occurring on the violet side of the system were well resolved 
into fine components under a dispersion of lA/mm. This well resolved 
structure has been attributed by him as due to the tellurium isotope effect. 
A detailed study of the isotope effect for i of the bands (A3900- A4150) has 
resulted in a change of the vibrational numbering of the bauds. According 
to him the following vibrational formula lepresents the baud system 

V= 22189 + 169. 2 (t’'*^ i) -O.Q 2 (i»' + i)'- 251.5(1’" + i) + I.C (v"+ D ' ... (3) 

Thus two formulae are in vogue for the main system of tellurium. 
R. Migeotte (1942) from a study of resonance and isotope scries of the bands 
redetermined the anhaimonic constant to be 0.55 ±0.05 and concluded 

that the older formula (2) given by Rosen gives a better representation of 
the bauds of the system. 

1 he spectrum of tellurium in the visible region was reinvestigated by 
Desirant and Minne (1936) in a high frequency discharge through tellurium 
vapour under a dispersion of loA/min at A5700. The fluctuation groups of 
bands beyond A5250, which are very similar to those observed in selenium, 
were found to be well resolved by them. On the analogy of the interpreta- 
tion of the fluctuation bauds iu selenium given by Rosen and Montfort 
these authors have ascribed these lands as belonging to two separate systems. 
The lower state of these two systems, as in selenium, is common and the 
same as the ground state of the molecule and the upper state frequencies 
were of tlie order of 25 cm**^ and 20 cm*'. But as has already been mentioned, 
the well resolved fluctuation bands in selenium have been found to belong 
to the main system by Asundi and Parti and later also by Rosen with a 
different analysis (193 >). In the light of this recent interpretation of the 






Isotope effect in tellurium 
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resolved fluctuation bands in selenium, it is thought desirable to reinvestigate 
the spectrum of tellurium in emission in the visible region. The results 
obtained by the authors in this reiiivestigation are described in the present 
paper. 

R X P K R I M K N:.T A L 

The spectrum was excited by a hljph power oscillator (loo watts) 
employing a Hartley series feed circuit. T^c* discharge tube was made of 
pyrex glass aud the substance, a pure sample, was spread in the 

tube. Intel miltent heating of the tube |>y an Etna burner was found 
necessary to maintain the discharge. T^e colour of the discharge was 
bluish white and was maintained throughout the experiment. 

Using Special Rapid Panchromatic plites, exposures varying from 15 
to 45 minutes were found necessary on the glass Littrow instrument. For 
work in the extreme red, the plates were sensitized with i :50oo stock solution 
Rubrocyaniiie. The exposures on the sensitized plates could be reduced 
to 20 to 30 minutes duration, owing to the general increase in sensitivity 
of the plate. 


DESCRIPTION OF PEATES 

Plate XXA shown in strips a, 6, c and d gives the appearance of the Tea 
spectrum in the region A49oo^A64oo, The classification of some of the 
bands of the principal system is shown. Plate XXB gives the detailed 
isotopic classification of some of the bands from A5300 where the resolution 
is suitable for measurement. 

VIBRATIONAL ANALYSIS 

In attempting the vibrational analysis of the bands from A4 qoo-'64oo, we 
have at the outset compared our band head data with those of the absorption 
data given by Rosen. A comparison of these wavenumber data shown in 
the first and the fourth columns of Table I clearly shows that the emission 
bands are identical with those observed in absorption. Each band measured 
by Rosen undci low dispusioii appears now well resolved under high 
disper.sion of the three-prism glass Littrow. Further a comparison of data 
shown in columns (3) and ^4) shows that the resolved fluctuation bands 
reported by Desirant and Minne arc identical with the emission bands 
obtained in the present work. On the analogy of the interpretation given 
by Rosen and Montfort for similar bands in selenium, these emission bands 
between A5 250 and A6400 have be m interpreted by Desirant and Miiine as 
arising due to the transitions between the vibrational levels of two different 
quasi-stable excited states (situated very near the upper state of the main 
system) and the high vibrational levels of the ground state. Consequently, 
these bands were arranged by them into two systems with 0*18900 and 

a— 12 
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16370 cm“S where the lower level n^=o corresponds to a high vibrational 
level tj" (in between 12 and 15 for system A and in between 15 and 20 for 
system B) of the ground state. The vibrational frequencies of the upper 
state were of the order of 25 cm“^ and 20 cm“\ Such an analysis is contra- 
dicted here and all the bands between A4900 — A6350 are regarded as 
belonging to the principal system from the following considerations. 

(1) The resolved fluctuation bands observed in the spectrum of 
selenium have been first interpreted by Asundi and Parti as belonging to 
the main system, in contradiction to the analysis i^roposed by Rosen and 
Montfort (1936) on the basis of an independent system. The explanation 
of these resolved bands in the fluctuation groups as a part of the main 
system was later maintained by Rosen (1939) with a different analysis). 
The interpretation of the fluctuation bands in Te2 should also be similar. 

(2) These bands are observed in absorption at high temperatures by 
Rosen, Desirant and Nevin (1939) which indicates definitely that higher 
vibrational levels of the ground state are involved in the system. More- 
over, Rosen has arranged these absorption bands between A4900-A5660 
into the main system. 

(3) In their vibrational analysis of the fluctuation bands, Desirant 
and Minne have not taken into account the tellurium isotope effect, which 
would certainly be noticeable, if co^' and (o/ are of the order of 25 cm"*^ and 
251 cm"^ and if also takes large values (15 to 20). Consequently, the 
view that the bands belong to two independent systems, as reported by 
these authors, has to be abandoned. 

(4) The separations between successive members in each group 
increases from A5000 to higher wavelengths which is to be expected as is 
shown later, from considerations of isotope effect, if the bands belong to 
the main system. These are as follows. 

As has already been mentioned two formulae (2) and (3) are in vogue 
for the bands of the main system. Migeotte (1942) from a study of resonance 
and isotope series has determined accurately the value of the anharmonic 
constant .r/ oj/ to be 0.55 ±0.05 in contrast to i.o as obtained by Olsson 
and concluded that Rosen's formula gives a correct representation of the 
bands. Moreover, the anharmonic constant xj' w/ as determined by him 
is in keeping with the values for the related molecules sulphur and 
selenium. These are : 

Sulphur 2.75 enr^ 

Selenium 1.06 cni"^ 

Tellurium 0.55 cm~^ 

The above considerations have led the authors to adopt the vibrational 
scheme as given by Rosen. In the scheme proposed in Table III the band 
head data from A3900— A4900 are taken from Olsson 's measurements because 
of the higher dispersion used by him. From A4900 Rosen's data were 
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Tabi,r I 


1 

Rosen 1 

Desirant 
and Minnc , 
Kmi'siou 

Author, 

Kniissit^ 

Calculated 

p 

Assignment 

Absorption 

Flu-'rescence 1 

I 

20545 

20534 


2 ^ 544 '' 

2053d 

20530' 

20537 

2,10 

20454 

20456 


20470^; 

20464 

20456; 

2045a 

20443,: 

2045s 

3,11 

20379 

20378 


20384 

20379 

20373 

20378 

1,10 

20300 

2^300 


20309 

2. ’>302 

20295 

I 20298 

2,11 

20223 

20221 


20234 

20226 

20215 

20218 

3>i2 

20148 

20140 

1 

' 

20158 

20148 

20140 

20133 

20130 

I, II 

2 058 

2r)06l 


20073 

20063 

20056 

20050 

20061 

2,12 

1*5973 

19987 


19999 

19989 

19981 

19973 

19964 

19958 

19938 

19982 

3,13 

29918 

1 

19905 


19916 

19908 

19899 

19893 

19879 

19901 

1,12 

198x2 

19826 


19845 

19837 

19828 

19818 

19810 

19824 

2,13 

19760 

19749 


19760 

19752 

19745 

19732 

19746 

3.14 
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Taelb I fcontd.) 


Rosen 

Desirant 
and Minue, 
Kniiijsion 

Author, 

Bnussion 

Calculated 

V 

Assignment 

Absorption 

Fluorescence 

19683 

196^6 


19688 

19678 

19663 

19646 

19631 

19665 

1,13 

195S8 

19590 


19606 

19596 

19586 

19578 

19569* 

19589 

2,14 

19510 

195^5 


19539 

19529 

19518 

19507 

19495* 

19511 

3,*5 

1943^ 

19428 


19453 

19446* 

19436 

19427 

19430 

1,14 




19370 



1935s 

193 < 5 o 


19349 

19339* 

19329* 

19355 

1 

2.15 

19277 

19281 

1 

1 


19297 

19290 

19279 

19270 

19260 

19279 

3.16 

19178 



19235 

19223 

I92I3 

I92OI 

19188 

19195 

1,15 


( 


I9I53 

19143 



19x21 

! 19121 

< 

i 


19128 

19122* 

19105 

I9I94 

19121 

2,16 

i 

19041 

19041 

i 

I 

19080 

19066 

19056 

19044 

I >032 

19047 

3,17 



19017 

19024 

19012 


i 
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Table I (contd.) 


Rosen 

Desirant 
and Minne, 
Hniission 

Author, 

1 

Calculated | 

Assignment 

Absorption 

Fluorescence 

Emission 

1 





18244* 





18250 

18229* 

18220* 

18200 

2,20 

18215 


18211 

18105 






i8i8i 






18165 






18149 

18116 



18121 



Ov 

II 





18077 

18070 

18041 

1,20 



18060 

18058 



18043 

18044 





18028 





1S013 

18019* 





18007 

18003 


2,21 



17977 

17978 

17973 



17961 

17962 



17889 


17834 

17932 



17806 


17814 

I779S 

17811 

17796 





17779 

17780 



17759 


17761 

17767 




17745 

17751 

17747 

2,22 



17731 

17735 



I77I3 

17716 





17696 

17701 

17686 






17678 



17^9 



17606 


1,22 




17587 

17587 




17573 






17556 





17538 

I754I 




1*7528 

^7504 

17523 

17505 

1752s 

17507 

17521 

2,23 


174S2 

17489 

17490 

17472 



' 

17460 

1744* 

17460 

17461 

17442 

17454 



;i742o 

J7408 

j 

■ 

17424 

17405^ 




* 

17392* 

17377* 







17333* 





17322 

17322 




1 

17304 

17302 


2,24 


j 

1 

17284 

17284 

17297 



17254 

17255 





17240 

17238 

* 



Band Spectrum of Tellurium in the. Visible 

Tablb I (contd.) 


551 


Rosen Desirant 

; — ■ — and Minue, Author, 

Absorption | Fluorescence Emission Emisaion 


Calculated 


Assignment 


16936 

16919 

16899 

16874 

16854 

16835 

16815 

16792* 

16776 

16735 

1673s 

16713 

16691 

166-3 

16654 

16640 

16622 

16617? 

16596 

16576 

16556 

16533 
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Tabi,® I (contd.) 


Desirant 

and Minne, Author, 
Absorption 1 Fluorescence Emission Emission 


Calculated 


As»s:giiment 



♦ Bands not clear, hence measurement uncertain. 


Table II 


Assignment 


Isotope separation 


obsetved 


calculated 


Interpretation 



BB4-AC 


BB+AC 


BB-hAC 
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Tabi.b II ^contd.) 


'• "n — 

Assignment ] p 


Isotope separation 
observed j calculated 


Interpretation. 


<3.19) 


(1,18) 


(3.2 >1 


(-’, 22 ) 


(2,23) 


(3.25) 


(4 ,3") 


18620 

18606 

18593 

18581 

18538 

18525 

18512 

18497 

18395 

iSsSo 

18366 

1*^352 

1^335 

17767 

17751 

17:35 

17716 

17701 

i7.S^1i 

17525 

17507 

17400 

1 7255 
1723^ 

17221 

17202 

17184 

16339 

16318 

16298 

16276 

16257 


' 


AA 

i 

14.5 


1 


AB 

14 ! 

15-3 


12 1 

157 

HB + AC 



BC 

i 

; 

AA 

i 

14.9 



AB 

n 1 

iS -7 


IS , 

16.1 

BB+AC 

BC 

AA 

15 

15.3 

AB 

14 

t 6 .j 

BB+AC 

14 

16.5 

BC 

17 

16. r 



i cc 



AA 

16 

» 7«3 



AB 

16 

18.3 

BB + AC 

19 

18 - 

BC 

15 

18.3 

CC 

A A 

16 

18.1 

AB 

IH 

19.0 

! BB+AC 

17 

19 - S 

1 BC 

! 

1 


i A A 

17 ; 

19.0 

AB 

17 

20.0 

BB+\C 

19 

20.5 

BC 

18 

20.0 

1 CC 

1 

i 

i 


AA 

21 j 

i 

21.9 

AB 

20 1 

23-1 

bb+ac 

22 1 

'■ 23 7 

1 

19 1 

1 23.1 

1 CC 
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replaced by the band head measurements of the authors, each baud observed 
by Rosen being wdl resolved into isotopic components under the high 
dispersion employed. The assignment in Table III refers t6 the most 
abundant molecule (BB-^AC) i.e, Te‘*'' Te'^T + Te^"*’ The scheme 

could be extended above A.5660 to include all ihe bauds upto Ab4oo. All 
the bands observed by Desirant and Miune have been interpreted as forming 
part of this system. As indicated in Table IIJ, the r" progressions with 
V =1,2 and 3 are extended upto high values of v" labout 30}. The peculiari- 
ties of the appearance of the fluctuation groups from about A5500 exhibited in 
Plate XXA is due to the overlapping of the progressions with and 3. 

Tlie classification of sonic of the bands is shown in Plate XXA. The 
differences shown in the scheme were believed to be more accurate than 
those obtained by Rosen. The following vibrational constants were deduced 
by drawing the usual AGf.rj — -i; curves, (figure 1). 

w/= 163.0 a:,, oj/ =0.96 

Vc= 22709 

w/ = 251.0 .v/ = o. 56 

I S 0 T 0 P H V r FK C T 

Further confirmation of the analysis has been obtained by an extensive 
study of the tellurium isotope effect. As is well known, tellurium has 
several isotopes which, following Olsson, may be designated as A, E,F 



Fig. I 

AG {v) vs. V curves 


and G. The masses of the various isotones and their relative abundance 
ratios are given in Olsson ’s paper (1935). Reference can also be made to 
this paper for a determination of p factors and the percentage abundance 
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Band spectrum of Tellurium in the Visible 

for the various molecules formed from different combinations namely 

AA,AB,BB,AC Out of these only five heads with detectable intensity 

may be expected for each band and these arise from molecules with relative 
abundance ratios 3 ; s :6 :4 : 2. These are AA.AB, (DB + AC), BC and CC. 
The separation factors ip ” 1) for ^B a^ AC being almost equal, the 

isotopic separation between these molecutfes is of a very small order of 
magnitude (below i cm"*) which cannot h(B resolved with the glass Littrow 
instrument employed. The bands whose classification is shown in Table III 
lefer to the molecules BB + AC. 

The relative dispositions of these five isotopic lieads is shown in figure 2. 
For bands on the violet side of the speclrtfen, i.e., with v>v,. the diisposition 
is as shown in (h), while for those on the red end with v< v,, it is" as shown 


BB'-AC 



Fig. 2 





( 0 ) 


in (a). The bauds analysed in the iiresent work lie on the red side of the 
system origin and hence the relative positions of the isotopic heads are given 


by figure 2(a). 

Starting from the bauds at A5200 the separations between successive 
bauds in each group gradually increase towards the red. 'I hat is to be 
theoretically expected as the v" values for the bands increase towards the 
led. This fact itself lends suppoit to the view that these bands belong to 
the* main system. liven on the basis of a separate system for these bands, 
as reported by Desiraut and Miitue with the vibrational constants about 
25 cm"' and 2 St cm"*, the expected isotopic separations are of the order of 
to to 15 cm"'. This aspect of isotopic effect was completely ignored by 
Desirant and Miune. 


The isotopic separations Av, with respect to the most abundant molecule, 
arc calculated according to the formula 

At'= (p - iW(v' + J) - U>' - + lY - (p- 1)!», •"(»'" + 1 C 


The calculated values for the these isotopic separations are, shown in 
column 4 of Table 11 . The agreement between the.se and observed values 
is found to be quite satisfactory within the limits of dispersion of the 
instrument employed. 
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abstract : — The papci deals with an analysis of ladio fade-outs ami magnetic 
hlorins with a view to correlating them with solar ilaics and sun- pot numbers. Data 
for the vears 1946-1949 have been analysed. Dellinger fade-outs have been observed 
to be well correlated with salar flares. Based on the theory of corpuscular emission 
from solar disturbances, delnved tvpcs of fade-outs and magnetic storms have been 
observed to go together and the delay time gives an approximate measure of the speed 
of the corpuscles. Occurrence of a solar flare lias also been found to agree with that 
of high sunspot nninber. TTie analysis of the magnetic character figure indicates 
that it has no regular relationship with sunspot numbers However, the central 
meridian pas.sage of large sunspot groups is often found to he associated with flares, 
fade-outs and magnetic storms. Various correlations have bien represented in the form 
of graphs and tables. A very high percentage of radio fade-outs has been found uiicor- 
relaled with solar flares and sunspot numbers. It has been postulated that such radio 
fade-outs may be caused by M-region activity 

I. I N T R O D U C T 1 0 N 

It is known for a long lime that ceiTaiii disturbances lia])pciiing in 
the vSiin produce significant changes in the ionr)Sphere and in the earth’s 
magnetic field. Solar disturbances are in the form of sunspots, bright 
chromospheric eruptions and very higli frequency radio noise. In the 
ionOvSphere we have radio fade-outs, ionospheric storms, sudden phase 
anomaly on very long waves and fading of ionospheric signals. The 
magnetic disturbances are usually in the form of sudden variations in the 
horizontal intensity of the earth’s magnetic field and the production of 
'^Crotchets’* in the magnelograms. Attempts have been made in the past to 
correlate the ionospheric and magnetic divSturbances with solar flares and 
sunspot numbers but no regular relationship lias yet lx?eii established. 
It haS; however, been observed that certain brilliant solar flares have 
produced simultaneous radio fade-outs and magnetic storms. But when 
one attempts to analyse statistically the solar, ionospheric and magnetic 
data, any generalisation regarding the *cansc and effect relationship 
cannot be obtained. The object of this paper is to present one 
This paper was read before the Indian Science Congress held in January 1951 
at Bangalore and was later revised and extended. 
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such statistical analysis of the data for radio fade-outs, magnetic storms, 
solar flares and sunspot numbers covering the period 1946 to 1949. For 
the purpose of clarity, we have divided the data in discrete groups and 
individual analysis has been presented. The data arc considered not 
suflScient and as such the analyses might not yield highly satisfactory con* 
elusions. Nevertheless, they may show some useful coi relations. 

In the present paper we have analysed the data for radio fade-outs 
as recorded at the receiving station of All India Radio in Delhi (latitude 
28® 3S'N, longitude 77° 5'E). These fade-out data are not based on any 
continuous records of signal strength. But as the reception conditions of 
regional and foreign stations are regularly checked round the clock through- 
out the year, the data may be considered to be fairly comprehensive. The 
data for solar flares and individual sunspot groups have been taken from 
Kodaikanal Hatitude 10° 14'N, longitude 77® 2S'E.' observatory. A few 
flare data have also been noted from published reports of the observatories. 
The magnetic data are mainly the geomagnetic character figures as supplied 
by Greenwich (latitude = 50® N, longitude = o®). The data for great 
magnetic storm have been taken from records at Alibag (latitude = 18® 
45'N, longitude^ 73^J{) magnetic observatory. I he sunspot numbers 
have been taken from the data published by Zurich Observatory in the 
Journal of Geophysical Research (previously named Terrestrial Magnetism 
and Atmospheric Electricity^. The period under consideration is 1946 to 

1949. 

2. It V F K C T O F B O L A R r L A R E 

In this section we shall summarise the more recent work on the correla- 
tion of ionospheric and magnetic effects supposed to be due to solar flares. 
It is known that certain types of solar flares give rise to a train of terrestrial 
effects including radio fade-outs. Different aspects of these effects have 
been discussed by Ellison {1949), Rydbeck and Stranz (1949). Some effects 
arc simultaneous which are supposed to be caused by wave radiations (mainly 
ultraviolet). Almost simultaneously with the occurrence of a flare, a newly 
ionised layer is formed at a height of 70-90 km. This layer affects the 
sky-wave radio transmission In a profound manner. Depending upon the 
amount of ionisation, short wave transmissions are completely or partially 
interrupted. We shall describe this type of fade-outs in more detail in 
Action 3. 

Oil very long waves the effect of this newly formed layer is completely 
different. These waves suffer almost mirror-like reflection from the edge 
of the layer and reflection is very much improved. Due to this reason, 
increase in low frequency atmospherics is also noticed. Bracewell and 
Straker (1949) have shown that on very long waves (16 kc/s) the phase 
difference between the ground wave and the reflected wave shows sudden 
change with the occurrence of solar flares. The nature of the sudden phase 
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anomaly is such that it indicates sudden lowering of the reflecting layer 
and they are always observed whenever there is a flare even though the 
ionisation in the layer may not be stifflcient to produce any noticeable fade- 
out in the high-frequency sky-wave transmissions. The correlation between 
the incidence of solar flare and the occurrtsnce of sudden phase anomalies 


on very long waves is so satisfactory ttiat the observation of the phase of 
the down-coming waves on very low freq|iencies provides a powerful tool 
unhampered by conditions of visibility for favestigatiug the solar flares. 

Another direct effect is the formation uf geomagnetic ‘Crotchet’. Flem- 
ing (1936) and McNish ‘1937) have pointed out that the magnetic effect is 
an augmentation of the normal daily variafion over the sunlit hemisphere, 
probably due to increase in ionisation of the atmosphere, by ultraviolet 
light from the solar eruption, at the bottom of or below the IMayer. 

After the discovery of the emission of solar radio noise, attempts have 
been made from time to time to correlate the emission of solar noise with 
radio fade-outs and happenings on the sun. It has been observed that varia- 
tions in noise intensity are closely linked with sunspot activity. Allen '1947) 
has shown that the average intensity of solar noise at 1.5m wavelength 
follows the variation of the integrated projected area of sunspots. Better 
correlation has, however, been observed between noise intensity and the 
central meridian passage of large sunspots. This has been exrffained by 
directive emission of noise when sunspots are near the central meridian. 

Allen Hoc. cit) has analysed the records of short period increases in 
noise intensity over a year at r.5m wavelength with a view to correlating 
them with visual phenomena. He remarks, "We could find no chromospheric 
or photospheric features which appeared to have an invatiable physical 
connection, or high shert period correlation, with the solar radio noise 
Appleton and Iley (1946), on the other hand, have reported instances when 
large increases in solar noise at 4.7m wavelength were associated with solar 
flares, Covington (1948) has also observed substantial increase in noise 
intensity at 10 cm accompanied by sudden ionospheric disturbances which 


are usually attributable to solar flares. 

Attempt has also been made to correlate the occurrence of radio fade- 
outs with the emission of noise-bursts at various wavelengths (Payne-Scott, 
Yabsley and Bolton, 1947)- No conclusion has yet been arrived at. Con- 
siderable amount of data spread over a large number of years is needed 


before any correlation can be established. 

Some effects of solar flare are delayed. These are considered to be due 
to corpuscular emissions. Magnetic storms and aurorae are the most con- 
spicuou. phennmepa the dolayed eSytts. The ,i,ne-del.y de,»nde 

anon the travel-time ot the particles from the sun to the earth. Fa-layer 
iation and layer-height show abnormal variations durine and alter a 
-.r-tc storm, thereby, adversely aHeeting radio transmtastons on high 


frequencies. 
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Considerable attempt is now being made to correlate coSniic ray bursts 
with solar flares and sunspot activity. But no conclusive evidence regarding 
the increase in cosmic ray intensity after an intense solar flare (after a few 
minutes to an hour or so, depending on whether the constituent of the ray 
is high speed electron or proton) is yet available. 

3. RADIO I-' A D K-O U T S AND S O D A R F D A R E vS 

In this section we shall consider the radio fade-outs that may or may 
not have been caused by solar flares. Now, it is known that there arc two 
types of fade-outs usually observed. In one type, suddenly within the 
space of a minute or so, short-wave (10-50 metres) channels of communica- 
tion suffer a part*al or complete interruption, at least if any part of them 
happens to lie in the sunlit hemispheie of the earth. These are termed 
Dellinger type, named after their discovery by Dellinger in 1935. In the 
other type, however, the process of interruption to communication service 
is rather slow and gradual. We shall first describe the Dellinger type. 

Since in the Dellinger fade-outs, the propagation through sunlit 
hemisphere is affected, it can be deduced that the cause is a wave and not 
a particle effect. Some such fade-outs have been found to be synchronous 
with certain solar flares and their duration comparable with the visibility 
of the flare in Ha light. The immediate cause of the fade-out is the forma- 
tion of a newly ionised non-reflecting layer at a height of 70-90 km, the 
cause of which is usually ascribed to the resonance line of hydrogen, Lyniana. 
This emission line (1215. 7 A®) in a flare must have an intensity and a 
line width far exceeding those recorded in the visible spectrum for Ha, 
This in itself would not give rise to atmospheric ionisation ; but it so happens, 
as first noted by Chapman and Price <1937;, that the resonance line of 
atomic oxygen has a wavelength of 1217.6 A°. Ihe wide wings of Da 
will certainly overlap this oxygen line for the greater part of the lifetime 
of a flare. The oxygen in the atmosphere will therefore be excited and in 
the denser part of the atmosphere {70-90 kmj collisions will be sufficiently 
frequent to prevent re-radiation. Extra ionisation will therefore take place and 
as soon as the ionising agency is reraovedi the disappearance of the ionised 
layer takes place. As the cause of the fade-out is absorption by the newly 
formed layer, lower frequencies are more affected and in the case of a 
complete fade-out, higher frequencies are the first to recover. 

3(fl) ANALYSIS OK DATA 

In this section we describe the analysis of the data for Dellinger f^de- 
outs with a view to ascertaining their cause. 

From the list of fade-outs, recorded in the Receiving Station (Todapur) 
at Delhi for the years 1946-1949, 41 fade-outs are found tp have clear Dell- 
inger characteristics. Of these 12 were recorded during the forenoon period 
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and 29 in the afternoon. Five forenoon fade-outs are found to coincide 
unmistakably with solar flares observed at Kodaikanal. Whereas, in the 
remaining seven, there is some uncertainty since the observations of solar 
flares are limited due to weather condition. For the afternoon period there 
is no coincidence since practically no sol^ flare data are available from 
Kodaikanal during this period. It is, however, observed that some of the 
outstanding flares recorded elsewhere and ofccnri ing during Indian day-light 
hours have not been reported from Kodaikan^ Observatory, probably due to 
poor visibility. Unfortunately all such flafe data cannot be utilised for 
our purpose as sometimes only the dates ||of occurrence are given. Even 
then eight of the tvventynine afternoon faie-onts ^ were found to coincide 
with flares. 

The simultaneous occurrence of 13 fade-outs with solar flares is indicated 
in figure i. In this figure time is reckoned from the start of the fade out 
which is known correct to within a few minutes. Whereas, in the case of 
solar flare, time of start is not very often known. In some cases, only the 
time of peak intensity of the flare is given. If these uncertainty factors 
are taken into account, figure i clearly brings out the simultaneity of the 



Correspondance of flares with Dellinger fade-outs 

occurrence of D-^llinger fade-outs with corresponding solar flares Since 

the fade-out data are not based on any continuous record of signal strength, 

variation with tin.e of intensity in the received radio wave cauno be compar- 
Id .ith the variation of H* line-width of the aof.r flare At.e.apta have been 
made bv Bracevvell and Straker (i 949 ) compare the amount ot Sudden 
aloly" (ih dedreea) with the If.e-wid.h ol H« emtaaton dn„„s 

4— i85aP— I* 
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the solar flare of June 7, 194S. Kllison (1949) has shown graphically the 
correspondence between the intensity of solar radio noise and the line-width 
of Ha emission line during flares. 

3. [h) OTHER FAD K -0 U T S 

In the previous section we have seen the correspondence between Dell- 
inger fade-outs and solar flares. In this section we shall analyse all the 
fade-outs, and attempt to find out how many of them may be ascribed to be 
due to ultraviolet emission from solar flares and how many due to corpus- 
cular emission from them. 

As many as 122 fade-outs were recorded during the years 1946-1949. 
These fade-outs were of various intensities and durations. The frequency 
ranges affected and the geographical locations of the transmitters so affected 
are also different in different cases. 

Table I gives the number and duration of the following three classes 
of fade-outs : 

(1) Fade-outs which more or less coincided with an observed solar 
flare (ultraviolet effect] ; 

(2) Fade-outs which were observed 20 to 40 hours after an observed 
solar flare (corpuscular effect) ; 

(3) Fade-outs unassociated with any obseived solar flare. In consider- 
ing solar flares, lower intensity flares were not discriminated against. 


Tabce I. 


Group 

No. 

Nature 

No. 

j 

Relative 

abundance 

Total 
duration 
Hrs. Mins. 

Aveiage 
duration 
Hrs. Mins. 

I. 

Fade-outs which more 
or less coincided with 
an observed flare 

(Kodaikanal data). 

II 

9% 

44 45 

4 4 

2. 

Fade-outs which were 
observed 20 to 40 his. 
after an observed flare. 

12 

9.8% 

39 54 

3 19 

3 - 

Fade-outs unassociated 
with any observed flare. 

99 

j 

81 2% 

00 

* 43 


Total j 

122 





11 will be seen from Table I that about 20% of the total number of 
fade-outs have either direct or delayed correlation with a solar flare. Such 
a low percentage of correlation does not necessarily prove that most 
fade-outs aie unassociated with solar flares. 

The observation of flares is highly dependent upon weather conditions 
and for a better correlation, if any, one needs observing flares in any climatic 
condition. For this purpose the sensitive method of detecting a flare by 
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sudden phase anomalies on very long waves may prove useful and when 
systematic data are available over a large number of years, better correlation 
between radio fade-outs and solar flares may be obtained. Furthermore, 
on a very long distance circuit, the receiving point lying in the dark hemi- 
sphere may report a fade-out when a flare has actually affected the propaga- 
tion condition in that part of the ionosphere lying on the sunlit side. In 
this case the flare data may not be ordiiiarily available. Again, for the 
delayed type of radio fade-out, the corresponding solar flare may not necess- 
arily be observable at the receiving point. All these factors indicate a poor 
correlation between radio fade-outs and so&r flares. A world-wide coordina- 
tion of fade-out and flare data is therefore (necessary for the purpose of a 
more effective correlation between the two data. 

Table II shows the correlation between flares of different intensities and 
the radio fade-outs associated with them. It will be observed from the 
table that relatively small number of flares of intensity 3 has been effective 
in producing larger number of fade-outs, simultaneous or delayed. 


Tabi.e II 


Flare 

type 

(inten- 

sity) 

Number 

ob'^erved 

RelcTtive 

abundance 

Simul- 

taneous 

fade- 

outs 

Relative 

abundarue 

Delayed 

fade-outs 

(20-40 

hrs) 

Relative 

abundance 

Percen- 
tage corre- 
lation 

1 

141 

79 - 7 % 

6 

5 - 1 - 5 % 

7 

583% 

10% 

2 

23 

i 3 <>% 

I 

9.1% 

2 

16.7% 

13% 

3 and 

3 + 

13 

7 * 3 % 

4 

^ . 

36.4% 

3 

25 -% 

.S 4 % 

Total 

177 

1 

! 

" i 


12 




The last column in the Table II shows the percentage of solar flares 
(out of the total number of each individual type observed) effective in produc- 
ing a corresponding fade-out. Here again it will be seen that in 54% 
of intensity 3 flares a corresponding fade-out is observed. It must, how- 
ever, be remembered that the classification of flare types in different in- 
tensity groups is purely arbitrary and the same flare, while being observed 
at the same time, has been classified differently by different astronomers. 
Continuous photography of line-width during a flare has been attempted 
in a few exceptional cases and tlie intensity of a flare has not yet been given 
a quantitative basis. It may, houever, be noted fiom the above analysis, 
that although type i flares are not usually associated with a corresponding 
fade-out, type 3 flares are fairly well correlated. 
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4. S U N vS P O T NUMBER S AND SOLAR E L A R E 8 


Xn previous sections we have discussed the correlaticn bcU\ceii the 
occurrence of solar flare and a orresponding radio fade-out. It may be 
of interest to sec whether the probability of occurrence of a flare can be 
foreseen. As it is also known that these flares usually occur in the vicinity 
of active sunspot groups (particularly of bipolar grciipsj it v\ili be worth 
investigating how the number of flares of differing intensity varies with the 
sunspot number. (The mechanism of formation of such flares and the 
probable mechanism of emission of ultraviolet and corpuscular radiations 
are outside the scope cf the present paper). 

Figures for Provisional Zurich Sunspot number and Kodaikanal solar 
flares have been grouped {1946-1949). Tabic III shows the number of flares 
of different types against days on which sunspot number was lying between 
certain limits (i.c. 0-50, 50-100 etc.,). Figure 2 shows a plot of total number 
of flares against sunspot numbers. The number of days on which the 
sunspot number was lying within those limits is also shown in the same 
figure by the dotted curve. The dashed curve indicates the number of radio 
fade-outs. 



SUWSPOT NUMQER 

Fig. 2 

Dependence oi flares and fadc^oats on snnspot number 

It will be seen from figure 2 that the largest number of flares was observ- 
ed on those days when the sunspot number was lying between 150 and aoo, 
whereas, the largest number of days were found to indicate a sunspot number 
lying between 100 and 150. The correlation between the fade-out curve 
and the sunspot number curve is not very significant since it is quite probable 
that large number of days will produce larger number of fade-outs. To 
further clarify this point, Table III shows the percentage of days havidg 
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certain sunspot number effective in producing a flare or a fade-out. it will 
be seen from this table that the days having higher sunspot numbers are 
more effective in producing relatively higher number of flares. But for 
radio fade-outs no such generalisation can ’^be made. It should, of course, 
be remembered that the occurrence of ^ares is dependent more on the 
activity of sunspots than on the luimber ot spots. In a later section we have 
shown the correspondence of the central nibridian passage of large sunspot 
groups with radio fade-outs, solar flares an4 magnetic storms, 

Tabi,e III 


Sunspot No. 
Iving between 

0 

>•» i 

! 

7^ 

No. of 
solar flares 

% of 
davs 

No. ; f fade-out. s 

% of davs 


50 

1 

1 .7 

4 

6.S 

5 ‘100 

^02 

31 

7 7 

36 

9 

100-150 

.S 29 

43 

8 

SO 

9-4 

150-200 

341 

53 

16 

22 

6.5 

200-250 

lOI 

19 

19 

8 

8 

250-300 

19 

8 

42 

2 

10 

300-350 

8 

2 

25 

2 

25 


5. C H A R A C T F. R OF GEOMAGNETIC FIELD 
AND RADIO 1^' A D E-O U T vS . 


There is another class of fade-outs which do not possess the Dellinger 
characteristic and is generally attributed to the F 2-layer. There is no 
sudden onset and reception generally starts becoming poorer gradually and 
sometimes signals disappear altogether. Very often reception conditions 
remain subnormal for a considerable length of time, higher frequencies being 
affected more than the low^er frequencies. Magnetic and ionospheric distur- 
bances producing this type of fade-outs often go together, the ionospheric 
disturbances sometimes continuing for a considerable length of time 
after the magnetic diiturbances have subsided. This point will be further 
discussed in the next section. 

analysis of d a t a 

Fade-outs other than those of Dellinger type recorded during the years 
1947-49 were considered. Table IV gives the luimber of fade-outs taking 
place on days, the geomagnetic character figure for which or for the previous 
day (whichever value is highei) lies between certain limits (i e. 0-0.5. 0-5-1. o 
etc ) It will be seen from this table that the fade-out is more frequent on 
those days having higher character figure. Though the numlrer of days 
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liaving a character figure lying between 0.5 and i greatly outnumbers that 
having higher character figuie, the largest number of fade-outs is observed 
on the days having chaiacter figure lying between 1 and 1.5. Furthermore, 
the number of days having character figure between 2.0 and 2 5 is very 
small, still the number of fade-outs observed during these small number 
of days is quite high. This trend both in respect of complete and partial 
fade-outs shov)S that magnetic storms and radio fade-outs could have the 
same origin. 


Table IV 


Character figure 

Number of fa'ie-oiit.s 
Complete .Partial 

Total 

No. of 
days 

%of 

days 

0 — 0 5 

0 

i 

0 

257 

0 

0.5-1.0 

I 

' ^ 

10 

568 

1.6% 

M 

b 

i 

2 

9 

i 

11 t 

ziS 

5 % 

1. 5-2.0 

3 

7 

10 ! 

j 

38 

26 3% 

S.0-S.5 

1 


6 

7 1 

7 

100% 


N.B. Character figuie 2.5 is regarded a« indicative of the most disturbed condition of 
the earth’s magnetic field. 


6. MAGNETIC vS T O R IVI , RADIO F A D K - O U T 
vS O L A R F D A R R 

In this section we shall describe radio fade-outs during and after great 
magnetic storms. These storms disturb the geoit:agnetic field throughout 
the world including the dark hemisphere and sometimes continue for days. 
Chapman and Ferraro (1931-1933) have suggested that the coipuscles emitted 
from a disturbance in the sun cannot penetrate into the earth's atmosphere 
and these form a curient ring round the earth. These corpuscles ultimately 
drift towards the polar regions following the magnetic lines of force. During 
the formation of the current ring and the drift of the stream of corpuscles, 
the magnetic field of the earth is disturbed and a magnetic storm is in 
progress. It is, therefore, seen that a magnetic storm which is being 
caused by the incidence of corpuscular radiation is a delayed process since 
the particles take considerable time to reach the earth from the sun. 
The ionospheric storms that generally accompany magnetic storms are 
also possibly caused by the incidence of these charged corpuscles. Now, these 
storms which are characterised by lowering of the Fa-layer critical penetra- 
tion frequency and increase in the layer height, are naturally expected to be 
more severe at higher latitudes and particularly iu the auroral zones. During 
worst disturbances stratification of the Fa-layer has been known to occur. 
Table V gives a number of magnetic storms recoided at Alibag Magnetic 
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Obseivalory during the years 1946-1949 which were accompanied by fade- 
outs. Details of these fade-outs show that most of Iheiii were of considerable 
duration and in large number of cases transmissions originating from places 
at higher latitudes were only affected. Radio reception at higher frequen- 
cies was more disturbed and in a number of instances higher frequencies 
originating at higher latitudes were the only transmission circuits to be 
affected. In some cases, the ionospheric disturbances, as evidenced by 
radio fade-out^, continued quite often for spine 10 to 20 hours after the end 
of niagnetic storms. In one instance was found to continue for as long 
as 44 hours. 

<L 

In the Table V, any solar flare corres^nding' to an observed magnetic 
scorm has been noted. The time difference l^etvveen the start of the flare 
and the start of the stoi m has also been indicated in individual cases. The 
average time interval appeals to be 30 hours. The average speed of the 
particles is therefore about 1400 km/sec An interesting feature in the 
above analysis is the fact that almost all the flares thus correlated with 
magnetic storms and radio fade-outs were situated within 45^ of the central 
meridian thus confirming the hypothesis that corpuscular emission from a 
flare is confined to a narrow cone normal to the solar surface at the point 
of emission. 

Corpuscular emission from the sun has been extensively studied 
during auroral displays. Recently, during the intense auroral storm of 
18 - 20 August, 1950, Dr. Meiiiel of Verkes Observatory has observed the 
spectral region of the line with a high resolution spectrograph, both 

with the spectrograi)h pointed towards the magnetic zenith and also towards 
the magnetic horizon. He found that the H'/ line photographed along 
the niaguelic zenith was very unsymmetiical, the maximum being displaced 
by loX and tlic violet wing was shifted 71 A. This is attributed to the 
Doppler shift due to the motion of protons. The velocity of the protons 
entering the earth's atmosphere was thus found to be 3200 km/sec. These 
ob.ervations gave direct support to the corpuscular emission from the sun 
during aurorae and magnetic storms (Chapman, 1950). 

7. S r N vS P 0 T N V JNl P K K AN D CHAR A C T K K O J' T II E 
O K 0 M A G N H T I C P I E h D 

In the previous section we have seen that solar flares may be regarded 
as responsible for producing a vciy few geomagnetic storms. But it has 
been fairly well established that whatever cause produces the geomagnetic 
storm, the same could be respionsible lor the type of fade-outs described 
in the previous section since almost all the fade-outs occurred nearly at the 
same time as the magnetic storms (Table V). In this and the following 
sections we shall enquire whether sunspots have any influence on the 
occurrence of storms* 
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It has been experimentally observed in the past that active spot groups, 
generally of bi-polar type and of relatively bigger dimensions affect the 
geomagnetic field rather pi of oundly during certain i)eriod of the life of the 
spot-group. In the following section we have considered separately the 
effect of the central meridian* passage of large sunspot groups. However, 
an analysis for all the days in the year 1948 of the relative sunspot numbers 
and magnetic character figuies indicates that there is no regular relationship 
between sinispot numbers and magnetic index. This is in good agreement 
with the observed events since only the centrally situated active spot-groups 
are known to affect the geomagnetic field whereas, the daily sunspot numbers 
lake into account all the .spots, big or small, situated anywhere on the 
visible solar hemisphere. Moreover, there are too many minor disturbances 
in the magnetic activity. Hence a correlation between magnetic character 
figure and daily average sunspot number cannot be expected. But during 
long periods of greater sunspot activity, the geomagnetic field may be 
expected to be more disturbed. This has been dealt with in the next section. 

8. \\ F V V c 'i‘ 0 1' c n N 'r r a i, m n r i d i a n p a s s a c; k o f 

h A R G F S U N S P ( ) T S 

In the previous sections, while discussing the effect of sun!Si>ot numbers, 
we have considered only the relative number of spots. We have also 
seen that there is no close relationship between the daily sunspot number 
and the values of the magnetic activity. Intense magnetic storms are, on 
the contrary, decidedly correlated with individual large sunspots and vice 
versa. 

Exhaustive analysis of large sunspot numbers and magnelic storms has 
been made by Greeves and Newton (1928) and Maunder (1904 etc.;. The 
analysis reveals the interesting fact that the occurrence of large magnetic 
storms is associated with the presence of large spots in a sector between 26®E 
and 53® W. The average position is a meridian which at the time of 
commencement of the storm had passed tlie central meridian about one day 
before. It has further been observed that storms with sudden commen- 
cements are more closely correlated with sunspots than storms without 
this character. 

In this section we present an analysis of the effects of the central 
ineridian i)assage (CMP) of laige sunspot groups. The data for sunspot 
activity have been mostly collected from the reports of Kodaikanal Observa- 
tory. Figure 3 shows tire correspondence between the CMP of large 
spot-groups with radio fade-outs, solar flares and magnetic storms. The 
areas (in millionths of sun's visible hemishere) for individual spot-groups 
are known in very few cases which have been indicated along the line 
showing the CMP. We have considered three days on either side of the 
CMP of a spot-group and any flare, fade-out and magnetic storm occurring 
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withia these seven days has been shown in the figure. We have no 
quantitative basis for indicating the flare since the H® line- width has not 
been plotted in most of the flares. Only types 2 and 3 flares have been 


DAVS 



OAVS 


Fig. 3 

Ktfect of central mardian passage of large sunspot groups 

included. For the case of the magnetic storms, we have indicated the 
number of days through which the storms lasted ; their intensity has not 
been taken into account. 

It will be evident from figure 3 that, considering the very meagre data 
at our disposal (four years), the central meridian passage of large spot-groups 
is often found to be associated with flares, fade-outs and magnetic storms. 
We refrain from making any statistical analysis since the data are considered 
to be very limited. 


C O N C 1/ U vS I O N 

Our analysis indicates that a large number of the radio 
fade-outs are usually not correlated with solar flares and sunspot 
numbers although they appear to be well correlated with magnetic slorms. 
Out of 122 fade-outs, qq are unassociated with a solar flare and out of 177 
flares, 154 do not produce either a simultaneous or a delayed fade-out. 
The correspondence between the radio fade-outs and magnetic storms is 
understandable since they are supposed to be caused by the same mechanism. 

The high percentage of fade outs unassociated with flares is suggestive 
of a new source of solar origin for the fade-outs. It seems plausible to 
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attribute the occurrence of a fade-out (except those very few associated 
with flares) to the M-region activity. Recent experimental evidence 
indicates that the M-regions on the sun are likely to emit corpuscular 
radiation (Sengupta and Mitra, 1954). The speed of these corpuscules 
may very within wide limits. We wish to point out that there are a number 
of observations on record where the effect of M-region activity upon the 
Fa-layer has been observed. The possibitity of the M-region emitting 
ultiaviolet radiation cannot also be excluded. Detailed investigation 
regarding a possible correlation between the M-region activity and radio 
fade-outs is in progress. 
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CALCULATION OF PERTURBATIONS IN CERTAIN 
MOLECULAR ELECTRONIC TERMS. PART II. 
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By D. PREMASWI^RUP 

DhPARMENT OK PHYSICS, AN'DHRA UlfeVEKSlTV., WAt,TAIk 

i 

(Received for pHhlicaltoti, Sepldfnber i6, 19^4) 


ABSTRACT. In tliis paper tlieorctical exprcs.^ion.s for the course of the perturbed 
energy valne.s in the perlurbalion cases ^n-m, <2-m and m-mare evaluated. 

(Jraphical repre.sen tat ions of these perturbation .schemes are also given. 

In this paper the perturbation calculations explained in Part I 
fPreinaswarup, 1Q54) are applied to the perturbation types 
*5 — ■‘n and ‘‘IT— ^n. As the method has been explained in iletail in the 
previous paper only the main results are given in all these cases. 


— Periurbcilious. The different states that have to be considered 
here are ‘Ila/a, ’ll,/..), ^Il'->i2, * 11 ' /o, ^ 2 , /-i, ^S-ii/2 and '*2-1/2. 

The matrix elements H° are given by the following ; 

[y,»=,ii'./-nii(,/(/ + i) + ir/’ = ir,"=B„|/!/fi) + }j-M ^ 

ifV = n'/’ = /ii- Hi (y + it ) (y - i) + y. 

IT,," = hv-hBs[(J + h' + 2 ]- .1- 1 1 s" - /ic 1- /K f (y - -i i'* + 2 J - .v- 


= 2 Hm v/ (j+W-h I/.,)-.'’ =/ir»“= H 2 V 3 (/+ m-h 

i’ =rr±(-l)']lH2 + 027 + I>l (•= [i±(-i)"]{/^3-037+ J)I 

/-/,,» 1 

and fy,/ = /yh”*. ^ 


(J) 


where hv stands for the interval between the null positions of the H and 2 
states. Here two cases arise according as the 2 state is positive or negative. 

Case (a). * 11 -* 2 * Perturbations. Here the eigth order determinant 
breaks into two fourth order deteirainants according to the following scheme. 


/ 
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0 



Hu" 
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W 

Hu” 
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Hu” 
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* Coramnnicated by Prof. K. R. Rao. 
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As a next step each of these determinants is transformed with unitary 
matrices S, so that in the transformed matrices the portions completely 
belonging to the *11 and ^5 states ^i,e. the dotted portions) become diagonal. 
The elements of the transformation matrices are given by 


Sii == Skk — 

Sik^ Ski ~ 



(3) 


... (4) 


where 



(5) 


and i, fe=i,2 or 5,6 for the hist determinant and 3,4 or 7,5^ for the second 
determinant. The remaining elements of S, not included in the above are 
equal to zero. 

After the transformation the matrix elements are given by 

and ... (6) 

with ijfe — i, 2; 5, 6 or 3, 4; 7, 8 respectively. 

The values of the perturbed energies at the crossing point of any two 
levels are now given with these matrix elements from the equation 


IF/) 




) 


+ • p 


f?) 


IVk') - 

where (Wi—W) etc., represent the diagonal terms in the transformed 
matrices. Thus we see that in this case the levels IV, and IP's of the n 
state are perturbed only by the components (IVs) and “S-i 

while the levels and are perturbed by the components /2fW^7) 
and '5-8/2(H^e) and vice versa. A diagtarainatic representation of this 
cas.' is given in figure I. Although this and the other diagrams are not 
drawn to scale, a qualitative picture of the relative magnitudes of perturba- 
tions in each case is given therein. 


Case (b). *11 — ^ 2 ” Perturbaiions. This case will be exactly similar 

to the previous case, except that in the splitting of the eigth order deter- 
minant the levels 1,3 and 7,8 go over into one determinant while the other 
contains the levels 3,4 and 5,6. Therefore in this case the components W^, 
and of the “II state are perturbed by *2 i/2(W'^t) and * 2-8 while 
the levels and W* are perturbed by the components *2*/2(iy4) and 
*2-1 and vice versa. 

“n-*!! Perturbations. Here the states are *IIi /j, ’Il'.g/j, 

*ii'_i/2, *ns^2» *n8/2 *ni^2, *n_]/2, *ii'_b/ 2, *n'_3/2, *ii'-]/2 and *n'i/j. 

The different matrix elements between these states are given by 
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W,^ = W>^ = B[]{J+i)-l] + Al2 
IF," = IF.“ = hv + R*f/(/+ 1) - V] + lA* 
IF," = IF„" = /tv + B* [/(/ + 1 ) - '/ ] - 


Hc,“=B/..,u= 2B* Vf7+|)(/-T) 


/17+1) -> 

Fl( !. I 

2n-42+ perturbation 

[ f ,»= if /= b [;(/+ i )+}]-^/2 

/n“=/r„“=/tv+B»[/(/+i)+|,]+j^* 

IF," = l-F„" = /IV + B»[/f/ + 1 ) + 1] - 3 ^ » 

H„'=H.",„ = B*V(7+‘|K/-f) 

Hr.°=H„»,„=F'3B*(/+4) 


^/20^=H/„0=xiV(/+i)(/-4) 

H,a^ = H,^,, = X2^/ + i) 

Here Jiv is the wavenumber interval between the two n states and the 
starred quantities refer to the ^11 term while tlie unstarred ones belong to 
the *11 term. With these matrix elements the original secular determinant 
breaks into two determinants of sixth order, one of which contains only 
one set of the A-doublets while the other contains the other A-components, 
The transformation matrix which transforms the *n and portions of 
these determinants into diagonal form is given partly by the equations (3) 
to (5) above and partly by the equations (13) of Part I. After the transfor- 
mation the matrix elements H are given by 

+ Sk,*H,A ... (9) 

and Hik==Hjci* 

wliere»=i,3 and k- 5 , 6 , 7 , 8 . The perturbed energy values at tfee point 
of intersection of and two levels are now given by equation (7) using 

these matrix elements' 

6— 185*?— la 
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Figure 2 gives the perturbation scheme for the * 11 -*n perturbation* 
Only one set of the A-doublets are shown in this figure. Since the positive 
levels of the A-doublets of the *n state perturb only the positive levels of 
the A-components of the term while the negative levels of the term 
are perturbed only by the negative components of the *n state and vice 
versa, it has not been necessary to draw the second A-doublets in the 
diagram as their perturbations will be exactly similar. 

Perturbations. The states to be considered here are *S8/2, 

^Sl/2, * 2 . 8 / 2 , * 2 - 1 / 2 ; *nfi/2, *Il8/2, *ni/2, /2, ‘H'-fi/a, *n'.8/l. 

^n'-i /2, /2. The matrix elements connecting these different states are 

= + lFfi° = lF,o°^hv + B;r[;(; + i) + 5]+M 


HV = »^ir = fev + B;r[/f/+i)+-V]-i.4 = = + 



*=Hs 4 ° 

=BsV 3(7 + i)( 7 -i) 

H..” 

=H.“,.o= 

Bit 



,n = B?r V 2(7 + i)( 7 ~i) 





= H,.” 

) 

... 




= [i±(-i)^] 2 W' 7 +^)( 7 - 

-i) 


|='[i±(-i)-}(^ + 2 I))V 3 



H, 

0 _ LT 0 


H o — W 0 

18 “■ iia , ^ 

=ri±(~i)“]2'?v(7+i)(/-i 


H, ^ ^ H, -HA»] 

• = [l ±(~i)"]2>;v'(7 + S)(/~1) • = [i±(-i)'](^ + 2Ij)V'3 

tH~ ~ Hit" 

JJ o % jFJ ® 

[=rii(-l)^]{2fC + 2»;) + 2))(7 + i)} • = [l±f-l)*]|2f^ + 2>/)-2t)(7 + l)l 

with the notation similar to the previous cases. Here, again two cases ariae 
according as the S state is positive or negative. Considering the S state to 
be positive, the secular determinant breaks into two sixth order determinants 
one of which contains only the states i, 2 : 5, 6, 7, 8 and the other contains 
the remaining states. This determinant when trasformed by an S matrix 
such that the S and the n state portions become diagonal, has its matrix 
elements given by the relation 

... (11) 

with «■ ; fe=i, 2 ; 5, 6, 7, 8 and 
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STUDIES IN CHAIN-TRANSFER. PHENYLAZOTRIPHENYL 
METHANE CATALYSED POLYMERISATION 
OF STYRENE IN TOLUENE* 

By R. N. CHADHA and C. S. MISRA 

DkpartmtvNT ok Chemistry, UntiversitV' ok I/Ucknow, IvTtcknow 
(Received for publication^ J^ne, 77, 795/) 

ABSTRACT. The present paper consists of a aliidy on • the chain transfer reaction 
betv\ccu j2;rowing .stvrene (A/) polymer radical toluene (.S), when catalysed by 
phenylazotriphenyl methane (R). It has been shown tliat the transfer constant from 

the slope of I /T* against S/M plots at constant R/M values is not appreciably affected by 
the presence of lo.v concentrati >ns of the catalvst and initiation reaction was found to 
be bimolecular. 

It was found by Suess and his co-workers, that addition of small amounts 
of benzene to inire styrene hardly affects the de.t’ree of polymerisation of 
the polymer formed at loo^’C, while small amounts of carbon tetrachloride 
depresses tlie nio|^ecular weights vciy markedly. These results as well as those 
of vSchulz et al, were explained very satisfactorily by Mayo, (1943) and 
Eyring et al (1043) by making use of the concept of chain-transfer. Mayo 
(loc. cil,) show^ed that for an uncatalysed polymerisation 


where P,Po are the number average degrees of polymerisalion in solution and 
ill pure monomer respectively, ic// and are the velocity constants for 
chain-transfer with solvent and propagation and S/jM is the mole ratio 
solvent/inouomer. The ratio ki'/kp is called the chain-transfer constant 
and IS usually designated by C\ 

Mayo and others calculated the chain-transfer constants for the 
polymerisation of slyreiic in a number of solvents from the work of Sness 
and Schulz Hoc, cH.), as well as from the data subsetiucntly collected by 
Gregg and Mayo (1947). 

For a catalysed reaction, the following relationshiii has been established, 
on the basis of a bimolecular initiation : 


1 

P 


kn ^ M kf} M 


(2) 


Kp • XII ’^p KfJ 

whereat, fe/, and fe/, are the velocity constants for intitiation, termination 
and chain-transfer with monomer respectively and B is the concentration 
of the catalyst. 

♦ Presented at the High Polymor Symposium held at the Indian Association for the 
Cultivation of Science Calcutta in March 1954. 
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If, however, the initiation reaction is unimoleculur with lespect to 
the catalyst, a slightly different equation is obtained : 

s/B ki/ S ( V 

p ■ M kp kj, * M ‘ 3 ; 

As will be seen, equation (2) can also be used for the determination 
of chain-transfer constant. Gregg and Mayo (194S) found that the value 
of the chain-transfer constant in the benzoyl peroxide catalysed polymerisa- 
tion of styrene in carbon tetrachloride was in good accord with the value 
of this constant for th:^ uncatalysed reaction. Valuable results in the 
evaluation of this method have been obtained by Palit and his co-workers 
fi952^», who have studied the benzoyl peroxide catalysed polymerisation 
of methyl methacrylate in toluene. 

EXPERIMENTAL 

Mixtures of redistilled styrene, toluene and the catalyst, 
phenylazotriphenyl methane were taken in pyrex tubes, degassed and sealed 
under vacuum. They were heated in a Ihernu stat at 8o"'C, until about 



04 8 12 

S/M 

Fig. I. Temp. 8o®C. 

values : Lower curve, 7.941X10'* ; Middle curve, 3,213X10“* ; Upper curve, 
nil. C (chain-transfer constant) 3,10; 3.13 ; 3«iO' 
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VB/M Xio3 ■/B'MxioS 

Fig. 2.— Temp. SoX. Fig. 3 Temp. 80 

S/M values : Upper curve, 9.71 1 j middle curve, 4.316 ; lower curve, 1.079. S/M values ; a. 4.316 ; b. 2.519 ; c. 
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10% polymerisation had occurred. The polymers were isolated by 
precipitation with a large excess of methanol. 

Intrinsic viscosities of the polymers were determined in benzene at 
25C° using an Ostwald No. i viscometer, and extrapolated to zero concentra- 
tion using the formula of vSchulz and Blaschke (1941). Molecular weights 
were found out by using the formula 

... (4) 

The Values of /C and a were those determined by Bawii and his co-workers 
(iQSo)- 


RKvSULTvS AND D I S C U vS vS I O N 

In figure i, values of i/P arc plotted against .S/A/ for styrene toluene 

mixtures at 80" C; at constant \/^B/A/) values. It would be seen that the 
slope of the plots remains practically the same as in the case of the 
uncatalysed reaction. 

The chain-transfer constant calculated from the slopes are found to 
have the values of 3.10, 3.13 and 3.10 respectively. These are in good 

agreement with the value of this consiant (3.13) calculated by Nozaki, 
(1947), from the data of Mayo (/r)c. r//.) for the uncatalysed polymerisation 
of styrene in toluene. 

Phenylazotriphenyl methane on heating can give rise to two free radicals, 
which can act as initiators in addition to polymerisation : 

Ph.N = N.CPh3 — > Ph.+Na + .CPh, 

This has been demonstrated by Hey and Misra, (19, p;), who using 
marked arylazotriaryl methanes, proved that under appropriate conditions 
both types of freeradicals can ge< incorporated into the polymer molecule. 

According to vSchulz, (1939;, for low concentrations of the azo compound, 
the initiation reaction in the bulk polymerisation of styrene is monoiiiolecular 
with respect to the catalyst concentration. A test has been made as to 
whether the initiation reaction is monomolecular or bimolecular. In figure 2 

i/P has been ploted against for a series of constant SjM values. 

The*plots arc found to be linear and parallel to each other. On the other 

hand, as would be seen from figure 3, the plots olifP against s/B/My for 
a series of constant Sj M values, though linear, have different slopes. This 
shows that equation (2) and not (3) is applicable in the present case. The 
evidence is thus in favour of a bimolecular initiation. 
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STUDIES ON MACROMOLECULES. THE SPREADING 
PROPERTIES OF RUBBER AND ITS DERIVATIVES* 

By N. H. SIVARAliAKRlSHNAN 
AND M. R. A- RAO 

DitPAKrMKNi' OK Gknekai. Chemistry, InohIn Institute ok Science, Kanoaeore 
(Received for publication, June, 17. 2954) 

ABSTRACT. The spreading properties <M rubber and its dtrivativfs have been 
studied in detail. The effect of protein conler^ and golvent towards the spreading of 
rubber has been investigaled and it was found thi|t the double bond of the isopiene was 
responsible for the spreading property of rubker. Attention has been given to the rate 
of oxidation cf rubber films as influened by the pH and hah 'gens of the aqueous substrate. 
Moreover, the spreading and other pluvsico-cbeiuical properties of chlorinated rubber 
samples have been compared. 

I N T R ( ) T) U C T I O N 

In the solid condition each crystallite of rubber consists of about 
80,000 — 150,000 isopreiie molecules and the length of this unit being 
3oo“6oo&, width and thickness being 500X. and 150*^ respectively 
(Hangstenberg and Mark, 1929). In the case of solutions, however, there 
arc varying values for the molecular weights depending upon the method 
employed. 

Method Molecular weight 

Light scattering (Dogadkin and Soboleva, 1949) and 

diffusion methods fPassynsky, 1946) 700,000-900,000 

Ultra centrifuge method (Kraemer and Nicholas, 1940) 400,000 — 435,000 

Viscosity (Carter et al 1946) and Osmometry (Gee, 

1940, 1942) 100,000—400,000 

The molecular weight depends on the nature of the solvent employed 
and also on the concentration of the solution. 

Regarding the size and the shape of the molecules in the solid condition, 
X-ray (Hangstenberg, loc. cit.) and birefiingence methods (Treloar, 1941) 
indicate that the macromolecule of rubber is an elongated bundle of 
long chain molecules with comparatively small diameter. Even in the case 
of solutions, experiments on scattering of light and diffusion have indicated 
that the micelles of rubber in solutions are elongated. The thickness and 
the width obtained by the X-ray method arc of the order of 150X and of 
500S, but in the ca.se of solution, these diameters vary from 30 to 60 or 
70X. Thus, there has been a considerable diversity of opinion regarding 
the size and shape of the micelles of rubber when it is dissolved in organic 
solvents. 

* Presented at the High Polymer Syiiiposiiim held at the Indian Association for the 
Cultivation of Science, Calcutta in March, 1954. 
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Crisp, (1946), Moss (1934) and Harkins et al (1935) have studied in 
detail the spreading property of high polymers, in which the monomer, 
of each of one ot these polymers, has a hydiophilic group. They have 
observed that the specific area of thes^ polymer films is independent of the 
molecular weight. In general, the thickness of the film is found to be 
between 30 and 50 

The spreading properties of rubber hydrocarbon have not been investi- 
gated so far. This might he perhaps due to the idea [Crisp (1942), Wall 
and Murry Zelikoff (1946) and Suzuki (19/19)] rubber is a pure 
hydrocarbon and cannot therefore spread over the water surface to give a 
stable him. Nevertheless, it was found by the pi esent authors that rubber 
hydrocarbon could be spread over water surface to give rise to stable films. 
The hydrophilic group, that is responsible for the film-forming behaviour, 
is the double bonds of the inolecitle or the proteins (an impurity present 
in rubber). It has been recognised by the researches of Adam (1022), 
Langmuir (1917) and Mitteliiian and Palmer (1942), that organic compounds 
having double bouds are partly hydrophilic. vSo, it can be expected that 
rubber can be spread to a reasonable extent over water surface. In the 
present paper, the nature of the spreading property of rubber, depending on 
the nature of the solvent concentration of the solution and also the 
substituiioii of the double bond by other groups, is completely described. 

I<: X P K R I M N r A I, 

The rubber latex was subjected to various methods of purification to 
get rid of the inorganic and organic impurities. The inorganic impurities 
were removed by dialysis. The resins were removed by hot acetone by 
means of a soxhlet. F'or the removal of proteins, the following purification 
methods were used : 

1. Alkali purification (Memlcr, 1934) 

2. Autoclave purification (Me Pherson, 1932) 

3. Fractional precipitation (Midgley, 1931) and 

4. Trypsin digestion (Freundlich ct al, 1925) 

The purified samples of rubber obtained by all these methods were 
preserved in organic solvents in an atmosphere of carbon dioxide to prevent 
the rubber getting oxidised by the atmospheric oxygen. The nitrogen 
estimation of the rubbers were conducted by the microkjeldahl method 
(Ma ei al, 1942). The unsaturation value was obtained by the iodine 
number method (Kemp, 1943). It was found that in all these cases, the 
nitrogen values varied from 0.15 to 0.008% and the iodine values obtained 
were between 99.6 to 99. 8% of the theoretical value. 

Having obtained such pure rubber hydrocarbon, the spreading property 
of the rubber was conducted on a Langmuir-Adam surface pressure balance. 
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The thickness of rubber films al ‘‘zero pressure” when spread on water 
at various dilutions of the rubber solutions in benzene and chloroform are 
given in Table 1 . ' 


Tabuc 


RciizenI 


Chloroform 


Weight of 
rubber spread 

Area /mg. 
in sq. cms. 

jl'liifkncse 

J in A 

Area/iiig. 
in sq cms. 

Thick ne.s.s 

in A 

AU:aU pvtilied riihbc) 





2-445 

141. 2 

769.8 

1S0.6 

601 .9 

1.63') r.ig. 

15Q.6 

681 0 

7 - 1 5 -V 

442.1 

I 360 nig 

jgo.i 


284 2 

3824 

1.080 ing 

'«i .5 

598 8 

407.4 

2f-6.8 

Extrapolated value for zero 
conccnlration 

/Uttoclave piirificd r hber 

i 207.0 

1 i 

525.0 

400.0 

271 7 

■1.200 mg 

79.8 

1362 0 

898 

1211 0 

2 800 mg 

104 0 J 

1045.0 

135.6 

801.7 

mg 


055 2 

J43.3 

75R.6 

I 870 mg. 

120 0 

7 


5 . 16-4 

Kxttapolatfd value for 7 cro 
concentration 

FtactionaJly piecipilatcd 
rubhc} 

1 T53.0 

710,1 

213.0 

510 2 

4 

T 14-3 

051 <■’ 

105.7 

1028 0 

3 c'90 mg. 

147.2 

73 -'^ 4 

148.2 

733 • I 

2.t8o mg. 

166.1 

654 3 

198 1 

5487 

2 060 mg 

^597 

680 5 

1 312.9 

34 7-5 

Kxtrapfjlatcd v.'tlne for zero 
concentration 

TrypSsin diy^e^ied rubbcf 

214 *^ 

1 

5^7 0 

1 2()2.0 

i 

372-2 

3 000 mg. 

118.7 

J^ 44.5 

140.0 

776.4 

2 000 mg. 

136.0 

70 Q 3 

1.54.0 

1 705.8 

1.50*’ mg 

146.7 

7.108 

174.0 

624 7 

I coo mg 

i I 5 i‘^ i 

71C) 7 

190.0 

572 0 

Extrapolated value for zero 
concentration 

! 163.0* 1 

1 ' 

666.8 

214.0 

507.9 


Tlie results indicate that rubber hydrocarbon is capable of spreading 
on water surface, a result which was not anticipated by previous workers. 

In the case of benzene solutions, the thickness of the film diminishes 
with progressive dilution and a constant value for thickness is obtained at 
suflSciently high dilution. In the case of chloroform, however, a constant 
value is not obtained even when the solution is diluted considerably. It is 
also observed that different methods of purification give different values for 
thickness indicating the extent of degradation of the molecule by the various 
methods of purification. 
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Tablb II 

Effect of protein content on the spreading of rubber hydrocarbon. 
Solvent — Benzene. Quantity of rubber used for spreading = 1.5 ing. 



Amount of nitrt)gen in ihe sample 

I’ressure in 
dynes /cm. 

0.050% 

j 0.017% 

0 008% 


.Area of the film in srj. cms. 


1 

' 367.0 

3-6.0 

3 ^ 3.0 

2 

313 -t> 

298.0 

293. <» 

3 

322.0 

273.0 

268.4 

4 

298.0 

256.0 

243.0 

.s 

278.0 

238.0 

223.0 

6 

257-} 

226.0 

205.0 

7 

8 

1 239.0 

' 2ir.o 

189.0 

223.0 

20J.0 

1 174.5 

i 

! 

(214.0) 

(195.0) 

i (171.0) 

Extrapolated value 
at zero dyne/cm. 

373.3 

1 

i 

316.6 ! 

! 

311.7 

Area /mg. | 

2/l«.y i 

211.J 

207.8 

Thickness of the | 

film in A I 

436.6 

1 

1 

514.*'^ ; 

I 

523.6 


The results indicate that though there is a wide variation of nitrogen 
content of the three fractions, the thickness of the film is not considerably 
altered which clearly indicates that the spreading of rubber is not due to the 
protein content but an inherent quality of the rubber hydrocarbon itself. 

Table III 


Effect of solvents on the spreading property of rubber hydrocorbon. 
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The molecular weights of these samples (vide Table III) were determined 
by the viscosity method using the well known Mark’s formula [r/]=/vM^ 
where K and are constants. The values jfor K and a were taken to be 5.02 
X io“'‘and 0.667 respectively for toluene ^ 25‘^C (Caiter et al, 1946). 

It is found from the results in Table III that the thickness of the film 
goes on increasing with an increase in ‘|the molecular weight. It is also 
observed that the thickness of the film is sightly greater with toluene than 
with benzene and when benzene has a j^recipitating agent like acetone or 
alcohol, the thickness is further enhanced. 

In the case of carbon disulphide and Carbon tetrachloride stable films 
could not be obtained. ' 

In all these above studies, it was fouiid that the double bond of the 
isoprene group was responsible for the spreading property of the lubber. 
In the following work, the oxidation of rubber film by means of polassium 
permanganate and hydrogen peroxide solutions was conducted. It was 
observed that the rate of oxidation of rubber film w’as enhanced by the 
incrca^^e in concentration of potassium permanganate. In all these cases, 
the pressure was kept constant at 2 dyncs/sq. cm and the amount of rubber 
allowed to spiead was also kept constant at 0.02 mgin. The rate of oxidation 
w^as measured by the increase in area of the film at different intervals, I;i 
the case of polassium permanganate solutions, the rate of oxidation of rubber 
was studied with different pll values of the solutions. Similar studies were 
conducted on hydrogen peroxide solutions and these values are reported 
in Table IV (a) and (b). 


Table IV (a) 

lifFect of oil the rate of oxidation of rubber films. 
Concentration of potussiiim permanganate solution = A// 500. 
Quantity of rubber sprcad = o.o2 mg. 


Time in 


Area of the film in sq. cm.s. at a pll of 



minutes 

2.00 

3.00 

3-96 

5.80 

7.00 

8.00 

10.00 

I 

528.:) 

506/ 1 

492.0 

396.0 

3 20.0 

170.0 

i 3 o.'i 

2 

480.0 

426.)’ 

468 0 

468.0 

350.O 

218.^ 

192.0 

3 

432.0 

396.0 

426.0 

-)38.o 

372-0 

283.0 

252.0 

4 

414.0 

3S4.0 

372.0 

420.0 

394.0 

348.0 

312.0 

5 

408.0 . 


360.0 

400.0 

349.0. 

36o.<1> 

360.0 

6 

360 0 

■3-18,0 •- 

350.0 

366.0 

3300 

332.0 

336.0 

, 8 

^ 354. <5 

S 30 -O 

330.0 

354.0 

228.0 

28a.o 

276X 

I'j 

300.0 

318.0 

312.0 

351.0 

246.0 

264.0 

276.0 
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TABr,K IV ( 6 ) 

EfiFect of pK on the rate of oxidation of rubber films. 
Concentration ot hydrogen perxide solution = M/soo. 
Quantity of rubber spread = o.oa tng. 


Area of the film in sq. cms, at a pH of 
Time in I 


minutes 

4.0 

7.0 

lO.Z 

3 

4S.0 

133.0 

192.0 

5 

72.0 

192.0 

336-0 

10 

126.0 

312.0 

408.0 

15 

J44.0 

384.') 

444.0 

20 

144.0 

342.0 

480.0 

30 

144.0 

3 « 4 -o 

564-9 


The results indicate that the rate of oxidation of rubber increases rapidly 
with an increase in the pH of the solution in the case of hydrogen peroxide 
solutions and the opposite effect is observed in the case of potassium 
permanganate solutions. 

In all these cases the C = C group of the isoprene unit gets oxidised and 
the OH groups, that gel linked up, are highly hydrophilic and they are 
responsible for the stability of the films. Hence, it was thought that 
instead of OH groups if certain halogens are added to these carbon atoms 
then the hydrophilic nature of these films cannot be enhanced and the area 
measurement would give us some different result. Hence a study of the rate 
of oxidation of rubber over aqueous solutions of haloge:is in the substrate 
was undertaken. 


Tabi.e V 

Effect of halogens in the aqueous substrate (M/ 200) on the oxidation 
of rubber film. Quantity of rubber spread = o.o 2 mg. 


Time in 
minutes 

Area of the film in sq. cms. on 

Chlorine 

Bromine 

Iodine 

2 

216.0 

384-0 

42.0 

5 

264.0 

396.0 

^.0 

10 

264 .0 

4< 8.0 

60.0 

J 5 

276,0 

396.0 

84.0 

20 

300.0 

396.0 

96.0 

30 

246.0 

3^*0 

^.0 


The film obtained in the case of bromine water is far more stable than 
that in the case of chlorine water, the area of the film diminishes slowly with 
progress of time. In the case of iodine solutioui it is highly surprising to 
notice that tae area of the film obtained is comparatively smaller* 
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Thus, it is noticed that when rubber film was spread over aqueous 
chlorine or bromine, the stability of the film increased due to the formation 
of less soluble halogeuated compounds. But, in these cases only addition 
reaction takes place. Hence when a solution of chlorinated rubber, a 
product prepared by passing chlorine through an emulsion of rubber in 
carbon tetrachloride, where addition and Substitution of chlorine takes place, 
is spread over water surface the thickness' of the chlorinated rubber films 
would indicate the extent of disaggregation of the orignal rubber 
hydrocarbon. The thickness obtained i^ these cases is of the order of 
46-63&. Table VI gives the compaifison of spreading properties of 
chlorinated rubber with its other pliysico-cjheuiical properties. 

TABI.B VI 


Comparison of the spreading and other physico chemical properties of 
chlorinated rubber samples. 


Sample 

Chlorine 

content 

% 

Viscosity 

C P, 

Density 

Molecular 

weight 

Area per 
mg in 
sq. cnis. 

Thickness 
in A 

A(i) 

57.0 

14.9 

1 

! i «552 

1927 

*035 

62.27 

A (3) 

61.5 

19-5 

1 *.591 1 

2520 

J165 

53 ^vS 

A( 3 ' 

62.5 

23.2 

1 r. 5 «i 1 

2219 

1087 

58.16 

Itdi 

63.6 

2^.8 

1 1-583 

4437 

1060 

59.61 

C(i) 

! 

2 3 

1.485 

1512 

1 1120 

60.10 

C(2) 

\ 66,0 

6.2 

1.580 

1886 

^257 

50.32 

Cts) 

! 68.5 

1-7 

) .563 

1300 

1192 

53.68 

Cdi 

68.0 

12.6 

J .'‘87 

25«3 

1230 

48.19 

C( 5 ) 

56,5 

9.2 

1.598 

2453 

1351 

46.33 

C(6) 

69.0 

7-3 

J.f'os 

2246 

1229 

50.71 

C( 7 ) 

65.0 

1 24.3 

*•<'39 

3613 

1520 

40.15 

C(S) 

67-5 

16,8 

1.633 

1 

i ^93 

1253 

48.88 


DISCUSSION AND CONCLUSION 

The purity of the rubber sample prepared by the various methods 
described is in general agreement with the usual standards described in 
literature. The molecular weights obtained by the viscosity method are also 
of the same order as noticed by previous workers. The iodine value obtained 
is 99.6 to 99. S% of the theoretical value. This shows that the oxygenated 
impurities, which may aid the spreading of rubber, are not present in the 
samples. It can also be concluded that the use of carbon dioxide as an 
inert atmosphere during the purification process is quite effective. The 
second group of polar substances that may aid spreading consists of lesins, 
esters and organic fatty acids. The soxhlet treatment with acetone has 
effectively removed these impurities. The proteins of the rubber can be 
considered to form the next group to influence its spreading. In spite of 
the best efforts, it has only been possible to reduce the nitrogen content 
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SKi^ple to 0,008%. Butj it is gratifying to note that tit® samples 
^pf rubber having varying ainouuts of nitrogen (0.05 to 0.008%) give 
practically similar results for the specific area of the rubber films. This 
indicates that the small percentage of nitrogenous matter present after 
purification do^s ^ot effectively contribute to the spreading property of 
rubber. The inability of the nitrogenous matter to influence the spreading 
luoperty may be due to the deiiaturalioii of the protein during the purifica- 
tion. The sipall nitrogen content may be due to the nora-protein and 
noaa-j:)olar organic sul>stances, which cannot contribute to spreading. On 
accQUjpt of these reasons^ it can be concluded that the spreading pf rulaber 
hydrocarbon is an inlierent property of the rubber and not due to the 
impurities present in the rubber. The spreading property has been 
attributed to the presence of double bond of the isoprenc units of rubber. 

The rubber samples when spread over water give stable condensed films. 
The films are stable up to presstires of 8 to 9 dynes per cm. ^ after which 
there is a gradual collapse. With the increase in dilution of the spreading 
solution, the limiting value for the thickness of the film is generally obtained 
wjth eadi solvent. The limiting value, however, is also dependent on the 
nature of the solvent. The limiting value for the film thickness obtained 
for Ihe various rubber samples, in the same solvent, varies from 300 to 
6po This indicates that the rubbers purified by the different methods 
Ijable to b^ve different stuctural properties. The high value obtained 
for ^he thickness of the rubber film is clue to the comparatively poor 
hy^fophilic uaiture of the double bond and the high cohesive forces of the 
rufi^ser whicii lend to minimise the spreading area. The thickness of the 
4itlso indici^les that o^iy 1% of the double bonds in rubber is in actual 
with >^^ater, wbi’e the rernaining double bonds are present in the 
ririAer medium. This further c..nfirms the coiled and network structure 
of the rubber hydiocarbon indicated by optical methods. 

The solvents have a profound influence on the nature of the spreading. 
The maximum and minimum for the spreading are noticed with solutions 
M and toluene respectively. This confirms that the degree of 

gf quite different in different solvents. When a precipitant, like 

9f jii^ethyl alcohol, is added to the benzene solution of rubber, the 
prpixerty of rubber is further reduced, indicating thereby, that 
|be pf^gipitaql mcre^scs the degree of coiling of rubber. 

Whep carbon tetracjdoride is used as a solvent for rubber, the stability 
qt the film is greatly reduced, even at a pressure of one dyne per ciiu 
Pafbon disulphide pould not be employed as a spreading agent, since the 
got jcqagulated due to the poor spreading property and rwW 
of tlie solVjeut. This indicates that the cfioice of the solvent 
^ vajry iqigofPtgnt in t^e study of the spreading property of rubber. 

in conditipn crepp rubber is only slowly oxidised, 

M ^ pxidation is extreinely rapid even in the presence 
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of air. When the aqueous phase has an oxidising agent like potassium 
permanganate or hydrogen peroxide, the rate of oxidation is considerably 
enhanced and the oxdised films become unstable and finally dissolve in 
water. In the case of oxidising agents like chlorine and bromine, the film 
is stabilized over the surface of water, on account of the formation of 
insoluble halogenated compounds. The rstfe of expansion of the film is very 
slow with iodine solutions. This may perh^s be due to the weak oxidising 
nature of iodine. Chlorinated rubbers giiire stable condensed films. The 
molecular weight and the chlorine contents, do not affect the specific area 
of these films to any large extent. ; 

Regarding the size and shape of th| molecules, the present studies 
have indicated that in the case of pure iubber hydrocarbon, the diameter 
of the micelles is greater than what has been found by the light scattering 
and diffusion coefficient experiments. These values are more in agreement 
with the dimensions of the crystallites investigated by the X-ray method. 
In the case of chlorinated rubber, however, the molecular weight and the 
thickness of the film are considerably reduced due to the breakdown of the 
rubber molecule during chlorination. 
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